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BOJHOI'0 TPAHCIIOPTA

[Ipensinymee HazBanue «Bectauk BITABT» (2002-2019 1r.)

W3nanne MOCBSIICHO aKTyaJdbHBIM BOMPOCaM BOJHOTO TpaHcmopTa Poccuu W MyOIMKyeT HOBBIC
Hay4HbIe DPa3pabOTKH, Pe3ydbTaThl HCCIEIOBAHUHA, METOABI, METOAMKA W TEXHOJIOTHH IO TaKUM
Ba)XHBIM U1 OTPACIH HANIPABJIEHUSAM KaK CYyIOCTPOCHHE, CYAOPEMOHT, SKOJIOTHYECKast 0€301macHOCTb
CyJHa, KCILTyaTalHs CyJ0BOTO HEPTeTHYECKOTO 000PYI0BaHHS, THAPOTEXHUIECKOE CTPOUTEIHCTBO,
9KCIUTyaTalldsl BOJHOTO TPAHCIOpPTAa, CYAOBOXKICHHWE W OE30MacHOCTh CYIOXOICTBA, AKOHOMHKA,
JIOTUCTHKA U MEHEJDKMEHT Ha TPaHCIIOpTe.

Ieabio KypHaua sIBISICTCS CO3aHHE HAYYHOTO MPOCTPAHCTBA ISl PACIPOCTPAHEHUS MEPEIOBBIX
3HaHUN B 00JIACTH BOJHOTO M JPYTHX BUIOB TPAHCIOPTa Ha TeppuTopuu Poccuu u 3a pyOemom.
TloBbIlICHHE ABTOPUTETa HALMOHAIBHBIX IyOJMKAlMd B MHPOBOM HAaydyHOM COOOILECTBE.
Martepuaibl BBIITyCKa PEKOMEHAYIOTCS HAYYHBIM COTPYIHUKAM, ITPENOAaBaTEIISIM BBICIIMX YIeOHBIX
3aBe/ICHUI, HH)KEHEePaM, aCIIMPAHTaM U CTYICHTaM COOTBETCTBYIOIINX CHELHATbHOCTEH.

KypHnan 3apeructpupoBan B DenepaibHOi ciayx0e 1Mo Haa3opy B chepe cBs3M, HHPOPMALMOHHBIX
TEXHOJIOTHI 1 MacCcOBBIX KoMMyHuKanui (Pockomuaamzop), Ceunerenscto [T Noe ®C77-77658 ot 17
staBaps 2020 r. [loamumcHoit nanekc B o0bequaEHHOM KaTasnore "[Ipecca Poccun™: 70191

Beimyckaeress ¢ 2002 roma, nmepHOAMYHOCTh BBIMyCKa - 4 pa3a B roa, Gopma BbITyCKa
neuyammulii, cemegotl, SI3bIK PYCCKUll, AHeIUUCKULL.

Yupeauresb u u3garenb: OenepanbHoe Anpec yupeauTeJisi, U31aTesIs1 M
rOCyJapCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE peaakuum: 603950, Poccuiickast
YUpeKICHUE BBICIIEro o0pa3zoBanms «Bomkckuei ®enepanuys, r. Huwxnuit Horopon,
TOCY/IapCTBEHHBII YHUBEPCUTET BOJTHOTO yi. Hecreposa, 1.5,
tparcnoptay (PI'bOY BO «BI'YBT»). Ten. +8(831) 419-51-84

= ’KypHaa Bk/I104eH B IlepeueHb pelieH3UpyEMbIX HAYUHBIX U3JIaHUI, B KOTOPBIX JOJIKHBI
OBITH OIyOJIMKOBAaHBl OCHOBHBIC Hay4HBIE PE3Y/IbTaThl JUCCEPTALMii HA COMCKAHNE YYECHOU
CTENEHU KaHAWJaTa HayK, Ha COUCKaHHe y4eHo! creneHu JokTopa Hayk (Ilepedens BAK)
110 CIEAYIOLIUM CIIELHaIbHOCTIM:
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5.2.3 PerunonaiabHas u oTpac/jieBasi IKOHOMHUKA

= )KypHan BxiroueH B cucreMy Poccuiickoro naaekca Hayanoro muruposanust (PMHLI)



® [TonHBIE TEKCTHI CTaTeH JKypHalla pa3MEIIeHBI B POCCHICKUX HAYYHBIX AJIEKTPOHHBIX
oubmmorekax CyberLeninka, elibrary.ru, 9BC «Jlauby, a Takke MyONUKYIOTCS Ha caliTe
ypHaua http://journal.vsuwt.ru.

= )XypHau nmoaKkito4YeH K MeXIyHapoaHo! cucteMe onbnmorpaduueckux cebuiok Crossref

= XypHan npenocTaBisieT OTPBITHIA JOCTYIT K MOJHBIM TEKCTaM MyOJIUKAIM HA OCHOBE
munensuun Creative Commons (CC BY 4.0) .

CraTh¥ NPUHUMAIOTCS B XKYPHaJI B 2JIEKTPOHHOM BHze Ha e-mail: journal@vsuwt.ru ( uiam
yepes caiit xypHaia http:/journal.vsuwt.ru/). Uadopmarus o mopsake myOJHKaud U
TpeOoBaHUIX K O(OPMIICHHIO CTaThH Pa3MEILeHbI Ha CaliTe XKypHalla B pasjeiic ABTOpaMm.

PCZ[aKI_[I/IH JKypHajIa OCyHICCTBIIAACT MOHUTOPUHI KOPPCKTHOI'O0 HOUTUPOBAHHA C NOMOIIBIO
CHCTEMBI K AHTHILIATHAT.

Penaxmms )xypHaIa OCyIIECTBIIIET CBOIO ICATEIFHOCTh B COOTBETCTBUH ¢ [10T0XKEeHUAME 110
COOJFOICHUTO U3IATEIILCKON 3TUKH, pa3padOTaHHBIMH Ha OCHOBE MEKIYHAPOTHBIX
CTaHJapTOB:
1. monoXeHus, MPUHATHIC Ha 2-0¥ BecemMupHOM KOH(MEPESHIINH ITO BOIIPOCaM
coOmoaeHus TOOPOCOBECTHOCTH HAYIHBIX HcciaeaoBanuii (Cunramyp, 22-24 uroms
2010 r., http://www.worldscientific.com/worldscibooks/10.1142/8102);
2. monoxeHus, pa3padoTanHsie KoMHTETOM 10 STHKE HaydHBIX IyOnukanuii (The
Committee on Publication Ethics —
CORPE, http://publicationethics.org/resources/guidelines);
3. Hopwmbl raBbl 70 «ABTOpcKoe mpaBoy ['paxkaanckoro koaekca Poccuiickoit
Oeneparuu http://www.gk-rf.ru/glava7o0.

Bce HayuHBIe cTaThH, IOCTYNHBIINE B PEAAKINIO *KypHana «HaydHble mpobieMbl BOZHOTO
TPAaHCIIOPTa»  NPOXOAAT  00s3aTeIbHOE  JIBYyCTOPOHHEE  AHOHMMHOE  («CIIeToe»)
pelieH3upoBaHue, Bee perieH3eHThl ABISIOTCA NPU3HAHHBIMY CHELMATUCTAMK [0 TEMAaTHKE
pEeLeH3UPYEMBIX MaTepHanoB. MHEHHE 4YJIEHOB PEIKOJUIETMH M PENAKIHU MOXKET He
COBITA/IaTh C TOYKOH 3PEHMS aBTOPOB ITyOIHMKAIHH.
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IepcnekTUBBI POOOTH3ALMHU MPOIlECCAa TPH MOJIEPHU3ANUM OapPkK-
IUIOIIA0K NMpoekTa P-56 nuisi moBbIlIeHNs1 pa3psia MJIaBaHus
(kamacca) PKO

I1. A. Bum0epekosn

ORCID: 0000-0003-4303-8570

Cubupcruil 20cyoapcmeennblll yHusepcumem 6001020 mpancnopma, 2. Hosocubupck,
Poccus

AnnoTtanus. [Ipy MopepHHU3aIMy CyIOB C ITOBBIIICHHEM HX pa3psija IUIaBaHUsI HE0OXOIMMO
obecneynTh TpeOOBaHHUS K UX KOPIYCHBIM KOHCTPYKIMSAM Ha ypOBHE ACHCTBYIOIIMX HOPM
Ha MOMEHT pa3paboTKH MHpoeKTa MojepHu3anuH. llenecooOpa3sHOCTh MPOEKTHPOBAHUS H
MIPOBEACHUST MOJCPHHU3AIMOHHBIX pabOT, a He NMPOEKTHPOBAHHWE M CTPOHTEIBCTBO HOBOTO
cyaHa OOyCIIOBIIEHa CHIDKCHHEM: YPOBHSA M OOBEMOB MPOEKTHBIX padoT; TpeOoBaHMU K
YPOBHIO TPOHM3BOZACTBA (MaTepUalbHOH 0a3pl M KagpOBOTO COCTaBa); 3aMEHSAEMBIX U
BBOJVMBIX JONOIHUTENHO OOBEMOB MeTalIomnpokara. Jis COXpaHeHUs BO3MOXKHOCTH
BECTH IIOTPY30YHO-pPa3rpy304yHbIe pPabOTHl TpeldepoM COrNIacHO MACHCTBYIOLIMX HOPM
TOJIIMHA CTEHOK PaMHBIX OAJIOK MOANanyOHOro Habopa M MPUMBIKAIOIINX K May0e MosICheB
nepeGopOK J0JDKHA OBITH CYIIECTBEHHO BBIIIE, YEM OCTATOYHAsS TOJIIMHA ATUX KOHCTPYKIHH
y MOJCPHH3UPYEMBIX OapiK-TUIONIaq0K mpoekta P-56. X mosHas 3aMeHa MO MPUHSATHIM
TEXHOJIOTHAM OBbLIa OIIEHEeHa KakK Heleaecoo0pa3Hasi, MPaKTHIeCKH NPUBOAAIIAsS K OTKa3y OT
MOJIEPHHU3AIM HAKOIMBIIETO OCTaTOYHbIe Jedopmarmy HaxyOHOTO mepekpeITHs. s
MOJEPHHU3AINH YKa3aHHBIX CBs3ed NalmyOHOTO TIEPEeKpHITHS M TepedOpoK B  XOJIe
MIPOU3BOJMMOTO 1o pykoBoacTBOM aBTopa mpoekta CKC 013.P-56 B OO0 «CynoxoxHas
xomnanus «Cesep» (CK «CeBep») ObuT mpomn3BenéH KOMIUIEKC paboT Mo 0OOCHOBaHUIO
YCTaHOBKM Ha HHX IMOJKPEIUIIOINX 3JEMEHTOB B BHE HAKJIAIHBIX IUIAcTUH. Poccuiickmii
Peunoit Peructp (mbiHe Poccmiickoe Kiaccugukanuonnoe OOIIeCTBO) MNPUHSIM
MIPe/UI0KEHHOe 000CHOBAaHHME MPUMEHHUMOCTH TaKOTO TEXHHYECKOTO PELICHHS W yTBEPIHIH
MpoekT MojepHm3anuu. [lo3xke Ha JaHHOe HECTAHJAPTHOE TEXHMUYECKOE pEIIeHHe ObLT
MOJTyYeH MaTeHT Ha m300peTreHue No2448861.

OueBHIHAs IEeNb TEXHWYECKOTO pPEHICHHWS — MHHHMH3AIHS 3aTpaT METaIONpoKaTra H
TpyZAO3aTpaT NpH MOJEPHU3ANUHN MAITyOHOTO MEpeKPBITHA OapK-TUIOManoK mpoekra P-56,
BO3MOXKHOCTh BesieHnst paboT cuinamu camod CK «Cesep». O6cyxnaercs BO3MOXKHAs
poboTu3anusi AaHHOTO MPOIecca MOIEPHHU3ALNHM U BO3MOXHOCTH IOJCTAJbHON 3aMEHbI
CTEHOK TMOANaTyOHBIX paMHBIX OaJlOK ¥  MOSAChEB MepedOpoK MpH  HAIWYUH
POGOTH3UPOBAHHOTO KOMILIEKCA.

KiroueBble ciioBa: KOHCTPYKIUA Hany6H0r0 NEPEKPLITHA, NOBBIIICHUC pa3psajia IIaBaHUs,

MOJEpHU3al U HaJIyGHOI‘O NEPEKPLITHA, TCXHOJIOT' U, pOGOTI/BaHI/ISI nponecca
MOJ€pHU3alUuH.
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Prospects for robotization of the process during the modernization
of barge platforms of the R-56 project to increase the RCS sailing
category (class)

Pavel A. Bimberekov
ORCID: 0000-0003-4303-8570
Siberian State University of Water Transport, Russian Federation

Abstract When upgrading vessels to upgrade their operational class, it is necessary to ensure
that their hull structure requirements meet current standards at the time the modernization
project is developed. The feasibility of designing and implementing modernization work,
rather than designing and building a new vessel, is determined by the following: the level and
scope of design work; production requirements (material resources and personnel); and the
volume of rolled metal products to be replaced and introduced. To maintain the ability to
perform loading and unloading operations using a grab in accordance with current standards,
the wall thickness of the below-deck frame girders and the bulkhead chords adjacent to the
deck must be significantly greater than the residual thickness of these structures on the
Project R-56 platform barges being modernized. Their complete replacement using accepted
technologies was deemed impractical, practically resulting in the abandonment of the
modernization of the deck flooring, which has accumulated residual deformations. To
modernize the aforementioned deck and bulkhead connections, a series of works were carried
out at SKS 013.R-56 Shipping Company LLC (SK Sever) under the supervision of the author
of the project to justify the installation of reinforcing elements in the form of overlay plates.
The Russian River Register (now the Russian Classification Society) accepted the proposed
justification for the applicability of this technical solution and approved the modernization
project. Patent No. 2448861 was later issued for this unconventional technical solution.

The obvious goal of the technical solution is to minimize metal and labor costs during the
modernization of the deck floors of Project R-56 barges, allowing the work to be carried out
by SK Sever itself. Potential robotization of this modernization process and the possibility of
replacing the underdeck frame beams and bulkhead chords piece by piece with a robotic
system are being discussed.

Keywords: Deck design, increasing the class, deck modernization, technology, robotization
of the modernization process.

BBenenne

Ha MOMEHT mpHHSATHS pemeHus 0 MOJAEPHU3ALUHN Oap:K-IJIOMAagoK mpoekTa P-56 nx
CPOK JKCIUTyaTallud MPEBBICHI TPUAUATH JIET. 3a/laueil MPOEKTHBIX padoT ObLIO MONTYYHUThH
JUI MOJEPHU3UPYEMBIX CyIoB Kiacc «¥M3,0» Poccuiickoro Peunoro Perucrpa (PPP) [1]
(B Hacrosimee Bpemsi Poccmiickoro Kiaccuduxamumonnoro O6mectsa (PKO) [2]) mpu
ncxonHoM «¥P1,2». OraenpHble TO3MIUMM TPOU3BEIEHHON MOJEpHH3AIMU IO TPOEKTY
CKC 013.P-56, pazpabotanHoM moj pykoBojacTBoM aBTopa B OO0 «CymoxomHas
komnanus «CeBep» (CK «Ceep») Obmn ocBemieHsl B padorax [3...8]. Hamum B Tabm.1
OCHOBHBIE XapaKTEPUCTUKH CYJIOB IO U NOCIIE MOAEPHU3ALUY.

Tabnuya 1
OCHOBHBIE XaPAKTEPUCTUKHU CY/JA0B 10 U MOCI€ MOAEPHU3 AN
En. Howmep npoekra
Mapaverp M. P-56 CKC 013.P-56
Knacc PPP (PKO) - «EP1,2» «EM3,0»

JinHa rabapuTtHast M 86,0 86,0
JnvHa pacuérHas M 83,51 80,4
Inpuna pacuéTHas M 16,5 16,5
BricoTa 6opra M 2,85 2,85
Ocazka B OJHOM IPy3y M 2,63 2,04
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ITapametp En. Howmep npoekra
Ocajika MopokHEM M 0,400 0,483
Boaousmenienne B HOJIHOM TPy3y T 32443 2460
BonousmeneHre mopoxxHéM T 4143 502,7
I'py3onoabEMHOCTL T 2830 1957

B pesynbrate medexTanM MOAEPHU3MPYEMBIX CYIOB IO NalyOHOMY HEPEKPBITHIO,
MOJTY4YEeHBI CIEAYIOINE 3HAYSHUS] OCTATOYHBIX TOJIIUH Ta01.2. /lononHuTeNnsHO B Tabnuie
JIaHBI IPUHSTHIE I pacdeTa 3HaUCHHUs OCTaTOYHBIX TONIIUH CBA3EH.

Tabauya 2
OcTaTo4HbIe TOJIIUHBI CBSI3€il MATYyGHOr0 NePeKPhITHS MOJEPHH3MPYEMBIX CY10B
HauMeHOBaHMe CpenHsisi 0CTaTOYHAsI TONIIMHA CBSA3U KOPILyca CyIHa, MM
Ne . ITpoexr CKC- CKC- CKC- CKC- MPUHATas
-Hast 3000 3001 3002 3003 B pacuer
1 Hactun mamy0bt 10 9,7..98 | 9,7..98 |1 9,1..9,6 | 9,5...9,7 9,1
CreHka 6aok
2 pamHoro Habopa 5 49 48..49 | 48...5,0 | 49...5,0 4.8
aayOobl
3 [Toska pamMHBIX 6 ) ) ) ) 5.8
OMMCOB
4 [Tonka pamMHBIX 3 ) ) ) ) 7.8
KapJIMHICOB
5 e 5 48 4.8 47..48 | 46..48 4.6
nepe0opKu
6 TIpomonpHbIe 5 4,9 4,9 4,7..4,8 | 4,7...4,8 4.7
7 nepe0opKu 8 7,8 7,8 7,7..78 | 7.,8...7,9 7,7
3 Peb6po xecTkOCTH 7 6.8 6.8 ) ) 6.8
HayOBI

B npoexTHBIN pacu€T ObUTH B3STHI ¢ OMIMOKON B 0€30MAaCHYI0 CTOPOHY MUHUMAIILHBIE
3HAYEHMs OCTATOYHBIX TONIIMH (Ta6s1.2). ToMmuHa CTEHOK paMHBIX HOANIATYOHBIX 0aJoK 1
BEPXHHUX TOSICEEB 1EePeOOPOK HE COOTBETCTBOBANM TpeboBaumsM PPP s cimywas BeneHus
MIOTPY309HO-Pa3Tpy304YHbIX padoT rpetidepom.

B 1a61n.3 magumM 3HaYCHHS MPONIETOB 0aNlOK Y MaryOHOTO epeKphITHs npoekta NeP-56 u
corocTaBieHne ux ¢ Tpedyemsimu 1o [Ipasmmam PPP (PKO).

Tabauya 3
ConocrasieHne nposeToB 0aj10k npoexkTa NeP-56 ¢ TpedyemMbiMu
no aeiicteyromuM IIpasunam PPP (PKO)
3HaueHue, MM
Ne | HammenoBaHuWe nponeTa o T, ITo mpoexty ITpumevanne
NeP-56
Paccrosiane mexy HImanums oTauvanace ot
1 MIPOJOJIbHBIMHU 400.. 650 660 neictyronux Ipasun PPP
MOANaTyOHBIMU peOpamMu Ha MOMEHT IPOEKTUPOBAHUS,
JKECTKOCTH npunsta PPP
OTtanganack OT
Paccrosaue Mexay 3300; nericrByroumx Ilpasun PPP
2 2500
KapJIMHICaMU 2640 Ha MOMEHT IPOEKTUPOBAHUS,
npunsita PPP
PaccrostHue Mexay 1800 1200 Y noBnerBopseT
3 ouMcamu COBPEMEHHBIM TPeOOBaHHUIM
IIImanus B HOCOBOM He ynosnerBopsier
4 550 600
OKOHEYHOCTH COBPEMEHHBIM TPeOOBaHUSIM
5 mamms gpoprnuka 550 400 Y ZIOBICTBOPACT
COBPEMEHHBIM TPeOOBaHHUIM
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Ne | HammeHoBaHue mpoiiera 3HayeHue, MM [Ipumeuanue
He ynosnerBopsier
6 [anus B KOpMOBOIt 550 660 COBPEMEHHBIM TPeOOBAHHAM
OKOHEYHOCTH 1 TI0 pa3Mepy U T.K. CHCTeMa
Habopa Mpoa0JIbHAs
7 [manus axTeprnuka 550 400 YI10BIICTBOPSCT
COBpPEMEHHBIM TPEOOBAHUSIM

Ha ocHOBaHWM paccMOTpeHHS MAaHHBIX Ta0m. 3 OBUTM CHENaHBl  CJIETYIOIINE
3aKITIOYCHUS:

— mo3unus 1 ompenensmack B 6a30BOM IPOEKTE Ul PAacUeTHOW Harpys3kH, Obuia
000CHOBaHAa W TPAKTHYECKH IIPOBEPEHA JOMYCTHMOCTH OTKJIOHEHUs oT HOpM PPP mpm
moyHON 3arpy3ke mo 2830 T, mokaszajga CBOIO PabOTOCIIOCOOHOCTH. JlOMycTHMOCTH €€
COXpaHeHMs TpH yuéTe IMOHIKEHHs 3arpy3Kd IMOJATBEPXkAEHA B MPOEKTE MOJEPHU3ALUI
pacuérom;

— mo3uiusi 2 0a30BOro MPOEKTa Ompejessiach IS pacueTHOW Harpy3ku, Obuia
000CHOBaHa ¥ MPAKTHYECKU IPOBEpEHa JOIMYCTUMOCTh OTKJIOHeHMst oT HopMm PPP mpum
NOJIHOM 3arpy3ke 1o 2830 T: nmposeT BennunHoi 2640 MM OJIM30K HOPMATHBHOMY, €ro ObLIO
PElIeHO COXpaHuTh; posieT B 3300 MM MPUHSITO pa3ieuTh Ha JBa TOCPEICTBOM YCTaHOBKHU
KapJIMHICOB Ha paccTossHUU 1650 MM OT AMaMETpabHOM MIIOCKOCTH;

— mo3unuu 4,6 N3MEHATH HEIlenecooOpasHo;

— no3uuuu 3,5,7 COOTBETCTBOBAJIM JIeHCTBYIOIIUM HOpMaM PPP.

Jnst BBeIGHHS CTEHOK PaMHBIX HOANATYOHBIX OaloK M BEPXHUX IOSICKOB MEpeOOpOK B
cooTBeTcTBUE TpeOoBaHusAM PPP B cioxuBmimiicss mpakTuke OOBIYHO NpeNIpHHAMAIAch
MOJIHASL 3aMEHa CBSI3el MajyOHOro MepekphIThs (CM. Hampumep [9]), UTo mpenamnoyaraio u
yIaJeHHEe CaMOW YCHJIGHHOW M3 CBs3¢il Kopmyca — MalyOHOro HacTuia. B KkadecTBe
IBTEPHATUBHOTO PEIIEHHsI aBTOPOM OBLIO NpEeasiokKEeHa yCTAaHOBKA B IUIOCKOCTH CTEHOK
0aJOK M BEPXHUX IOSIChEB MEpe0OPOK HAKIIAJHBIX JINCTOBBIX 3JIeMeHTOB. WX kperuienne
MPEaIoIarajock  3JEKTPOCBApKOW MO  MEepUMETpy HM B IUIOCKOCTH  CTEHKH
AMEKTPO3akiIEenKaMyu. bBbUT  Ipou3BeAEH  CpPaBHHUTENBHBIM  AKCHEPHUMEHT, IOJIPOOHO
ONHCAHHBIN B [5], moka3aBmKN pabOTOCTIOCOOHOCTH ITONYyYaeMBIX KOHCTPYKIUHA, B TOM
YHUCJIe WM BO3MOXKHOCTH KOHTPOJS OCTATOYHBIX TOJIIMH IOAKPEIUIEHHON CTEHKH W
MOJKPEIUISIIONIET0  HakiaaHoro ayeMmeHTta. [IlpeacraBnenHsle B PPP  pesynbrarsr
SKCIIEpUMEHTa YOeAWIM B JOMYCTUMOCTH TAaKOTO pPEIIeHHS M IPOEKT MOJCPHH3AINN
CKCO013.P-56 oObi1 yrBepxknéH um peammzoBaH CKC «Cesep». Ilozmaee c¢ cormacus
KOMITaHMH aBTOP MOJIYYMII HAa JaHHOE TEXHUYECKOE PelICHNe MaTeHT Ha nzobperenue [10].

Ha puc.l mpexnctaBieHO NPOMEKYTOYHOE COCTOSHHE MOIKPEIUIEHUS OTOBOPEHHBIX
KOHCTPYKIMH NayyObl HaKJIaJAHBIMU JIMCTOBBIMH 3JieMeHTaMHu. Kpome Toro 3mech BHIEH
JIOTIOJTHUTENNbHBIA KapJIUHIC, YCTAHOBJICHHBII Ha paccTosHuM 1650 MM OT nuaMeTpaiabHOI
IUTOCKOCTH.

Ilenv  pabomsi: pacCMOTpeHHE Ha KOHKPETHOM YacTHOM TIpHMeEpe  ciydas
MOJIEPHU3AIIMOHHBIX PAa0OT MpH (HOPMHUPOBAHWN MATYOHOTO MEPEKPBITHS BKIIOYAFONIETO
MOHTaX JIOTIOJTHUTENILHBIX KOHCTPYKLHUH Oap Ku-IUIOmaaky rnpoekra P-56 ¢ mosblmeHneM
knacca 10 «¥M3,0» u oOCyxJIeHne NaHHOTO BHAA paboT IPH BO3MOXHOW POOOTH3ALUH
mpolecca.
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Puc. 1 ®oTtomzobpaxkeHne peain3aliy MOJKPEIIeHIS CTCHOK PAMHBIX 0aJIOK U BEPXHUX MOSICHEB
nepeOopOK JMCTOBBIMU HAaKJIaJHBIMU d1eMeHTaMu 110 mpoekty CKC13.P-56

TexHoJIOrusl MOHTAKa M YCTAHOBKH JOMOJHHUTEIbHBIX CBSI3ell NaJy0HOro
NepeKpBITHS

HaxuaiHble TMCTOBBIE 3JIEMEHTHI OBLTH 3apaHee HapyOJIeHbI B pa3Mep Ha TMIILOTUHE U B
HHUX BBIKOJIOTHI OTBEPCTHS MOJ 3JEKTpo3arki€nku. HakianHble 31€MEeHTHl I10/1aBaIUCh
BPY4YHYIO, YCTAHABIMBAINCH y OajOK HA MOJKH M HPU HEOOXOJMMOCTH MOATOHSUIUCH MO
MECTy IPH HAINYNHU HE3HAYUTENbHBIX BMATHHOK. Pa3Mep OONBIIMHCTBA N3 TOCIEIHUX, KaK
nmpaBwiio, He TpeboBan yuéra mnpu gedexranmu. Jlamee HakIagHBIE SIEMEHTHI
(UKCHpOBaCh MPUXBATKAMK U NpoBapuBainch. Ha mepeOopkax MOJIKH OTCYTCTBYIOT U
Juil  ynoOcTBa MOHTa)Ka WHOTJA HCIIOJIb30BAINCH BPEMEHHBIE OIOPHBIE 3JIEMEHTHI.
[MpuHIMIMATEHO IPY HAIMYUY HEOOJBIINX KPOMOYHBIX JIe(OpMAIMii MIIH BBIITYYHH CTCHOK
noJnanyOHbIX OalOK HaKJIaJHBIE JIMCTOBBIC 3JIEMEHTHl BO3MOYKHO YCTaHABJIMBATh C JHOOON
CTOPOHBI CTCHKH. HpI/I HaJIMYUM 3HAYUMBIX, MCHIAOMINX YCTAHOBKE HAKJIAAHBIX JIMCTOBBIX
9JIEMEHTOB  JedopMalnuii CTEHOK pamMHOro NOHajayOHOro Habopa U  mepedopok
Npe/IBapUTEIbHO BO3MOXKHO TPOBEACHHE paboT MO MX MpaBKe /10 IPHEMIIEMON BEJIMYHHBI,
HCTIONB3Ys TPUHIUITHAIBHBIE TEXHOJIOTHH, U3JI0KeHHBIe, Hanpumep B [11-14]. OtmeTnm,
YTO IMPUTOHOYHBIC pa60T1)1 Ha BBICOTEC B BEPXHEM IOJIOKCHHUU B MPAKTHUCCKU 3aKPBITOM
IIPOCTPAHCTBE, HE caMble KOM(OPTHBIE W PAOOTHUKH 110 BO3MOKHOCTH TBITAIOTCS OT HUX
«OTKPECTUTHCS.

OO0cysknenne BO3MOKHOCTH POOOTH3alIMH PacCMATPHBAEMOI0 MpoLecca
MOJICPHHU3AIIMH NATy0OHOT0 epeKPLITHS

IIpumem cnegyrommii  psiA  JONYHIEHMH  BO3MOXKHOCTH  BEAEHHUS  IPOLIECCOB
POOGOTH3NPOBAHHBIM KOMIUIEKCOM HIIH HECKOJIBKUMHU OTAEIBbHBIMHA POOOTaMH:

1) ckaHMpOBaTh MPOCTPAHCTBO OTCEKAa, MPH 3TOM TOYHO TO3HUIHOHHUPYS
NepeMEIIEHNE CKAHUPYIOUIETO YCTPONCTBAa IO CIEIHUAIbHO YCTAHABJIMBAEMBIM
HaNpaBISIONIMM HIIH CYIIECTBYIOIIUM OalKkaM Cyl10BOTro Habopa;

2) mepeMemiath IO 3aJaHHOH Ha OCHOBE KAapTHHBI CKaHMPOBAaHUS TPAECKTOPUU
paboumii OpraH U ¢ 3aJJaHHBIMH TTapaMeTpaMy JIBWKECHHS KaK Ha XOJOCTOM Xoxay (6e3
OCYIIECTBIICHHS TIPOIIecca, HAlPUMEp, CBapKH, PE3KH, HarpeBa M T.II.) TaK U B pabouem
PEKHMeE C BO3MOXKHOCTBIO KOPPEKTHPOBKH YETIOBEKOM-0IIEPaTOPOM;

3) U3BJNEKATh C MECTa PACIIOJIOKEHHUS YAAIsIEMbIe HJIEMEHTHI CBA3EH U yCTaHAaBIMBAThH
UX 3aMEeHSIoIHe A1 GUKCAllMK U CBApKH B 3aIUIAaHMPOBAHHOM MECTE;

4) npon3BouTh (DUHATIBHYI0O O0pabOTKY CBAapOYHBIX IIBOB (OYHCTKY OT IIJIaKa,
KOHTPOJIb, BO3MOKHO OKPACKy) | T.II.
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KauecTBeHHO OLICHUM INpUMEHEHHE pOOOTH3aLMKM @pH pealu3alMd Iporecca
MoJepHM3anuu nairyoHoro nepekpsiTas cornacHo npoekry CKC 013.P-56 u s ciygas
W TTOJIHOW 3aMEHBI MOy OHBIX 0ajloK MIIM TOJBKO MX CTEHOK, a TaK)Ke MPUMBIKAIOIINX
K mnanybe mosickeB mnepebopok. Ilo HamieMy MHEHHIO, peaIM3alMI0 OTOBOPEHHBIX
MIPOLIECCOB MOJIEPHU3ALIMH MOYKHO TIPEJICTABUTD B CIIEIYIOIIEM MOPSIIKE.

Ilpu peanuzayuu no npoexmy CKC 013.P-56

1. IlpousBecTn mpouecc J1a3epHOTO CKaHUPOBaHHS MM (HOTOrpaMMETPUYECKUM
METOJOM B OTCEKax ¢ 0a3sMpoBaHWEM WIM Ha CICNHAIGHO YCTaHOBIICHHBIE
HanpasJLsIONIMe, MO0 Ha CyIIecTBYIONIMH Habop. BO3MOXXHO M CKaHMpOBaHUE HPH
MIOMOIIX APOHA, B YaCTHOCTH M IIPU €T0 IPOM3BOJILHOM [BIDKCHHM IO OTCEKY, YTO
TaKKe JJOJDKHO IPHBECTH 33 CYET OONBIIOro 00bEMa B3aMMOYBSI3aHHOW HHPOPMAIINHU K
TouyHOMY (popMupoBaHHIO 3-D MoJenel 0TCEKOB, OTBEAEHHBIX U MOAECPHNU3AIIMOHHBIX
pabor.

2.Ilocne pa3memieHHs B OTCEKaX POOOTH3UPOBAHHOTO KOMIUIEKCA IPOU3BOACTBO
MOHTaXXa M XECTKOM q)HKcaIlI/II/I 3apaHeC 3aroTOBJICHHBIX HAaKJIIAAHBIX JHUCTOBBIX
a7eMeHTOB Ha ocHoBe 3-D Mopneneit orcekos. Ilpenmoriaraercs, 4ro B pe3yibTare
npeABapuTeNabHOM 00paboTku 3-D mopeneil oTcekoB OYyIyT 3aJI0KEHBI PEXHUMBI U
TPACKTOPUU IS MIPOU3BOJCTBA CBAPOYHBIX PabOT. BroyHe OYEBHIHO, YTO JACHCTBUS
poboTa MOryT OBITH NPOBEPEHBI Ha XOJOCTOM XOAY M IIPH HEOOXOAMMOCTH OBITh
BHECEHBI HEOOXOJMMBIE KOPPEKTHPOBKH. OTMETHM BO3MOKHOCThH IIpPEIBApUTEIHLHON
MIPaBKM KOHCTPYKIWI NPH BO3HUKHOBEHHH TaKOH HEOOXOIMMOCTH M COOTBETCTBEHHOM
KOppekTupoBKU 3-D Moneneit oTcexos.

HaOmonenue 3a mporieccoM BEAEHUSI CBApOYHBIX pabOT BO3MOXKHO W JUCTaHIMOHHO
(HampuMep, U3 COCEIHEro OTCEKa), WM B NMPHUCYTCTBHE YEJIOBEKA-OIlEpaTopa B CaMoOM
OTCeKe, HO He HEIIOCPE/ICTBEHHO B 30HE BBITIOJIHEHHUS] OTHEBBIX paloT.

3. OroBopeHHas BbIlIe (pUHATBHASI 00pabOTKa CBAPHBIX IIIBOB.

PaboThl, BBUy OTCYTCTBHSI YAANSEMBIX CBSI3€H U COOTBETCTBEHHO 0€3 ociabieHust
KOpIIyca MOT'YT BECTUCH HIMPOKUM (PPOHTOM, Cpa3y B HECKOJBKHX CEUSHHUSIX KOpILyca.

Ilpu peanuzayuu nonnou 3amenvl NOONANYOHBIX OANOK UAU CMEHOK OAloK U
NPUMBIKAIOWUX K NALYOe nosicbes nepebopox

JlaHHBII TYHKT TOJTHOCTBIO TIOBTOPSICT aHAIOTHYHBIN ITYHKT MPEIBIIYIICH peaTn3aini.
BpemenHoe wWCKIIOUEHHE pa0OTHl CBS3ed W3 KOHCTPYKIMHA KOpIyca CyIOHa B XOJe
JEMOHT2)XHO-MOHTQXXHBIX PabOT JOIDKHO OBITH 10 BO3MOXKHOCTH MHHUMAIBHBIM, HE
MPUBOJAAIIAM K CYIIECTBCHHBIM [OIOJHHUTEIBHBEIM OONIMM W MECTHBIM Je(opMaIiism
kopmyca. [TosToMy paboTa MO BBIPE3KE, M3BICUCHHIO M MOHTAXY U KECTKOW (pHKcAuu
3aMEHSIEMbIX KOHCTPYKIIUI OJDKHBI BECTHCh Y3KUM (DPOHTOM.

ITocine BbIpE3KH 3aMEHSIEMbIX KOHCTPYKITHIA (DATOK MIIM CTEHOK 0OajloOK M BEPXHHX IOSCHEB
nepebopok), KOTopble UMeENH Ae(hopMamuio, HACTHI B 30HE WX KPEIUIGHUS YMEHBIITUT
CTpeNKy mporuba, 4To MOTPEOYET MOMOJHUTEIBHOrO yTOYHeHHs 3-D Momenun B IaHHON
30HE.

JlaHHBII MyHKT MOBTOPSIET IMTyHKT 2 MpPEIbIAYIIeH peaan3aiud, 0JJHAKO, ¢ Y4ETOM TOTO, 4TO
paboTa JOIKHA BECTUCH y3KUM (DPOHTOM W TYHKTHI 3 W 4 NAaHHOM peanu3anuu OyIayT
MHOXKECTBEHHO TIOCIIEJIOBATEIIEHO TOBTOPSATHCS.

OuHanbHas 00pabOTKa CBapHBIX MIBOB (MOXKET OBITH 3aJ0KCHA M B XOJE BEACHUS padoT
Y3KUM (D)POHTOM I10 IYHKTY 4 TaHHOW pean3alium).
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Criemyer 3aMeTHTh, YTO HCIIOJNF30BaHHE POOOTH3MPOBAHHOTO KOMIUIEKCA MpH 000X
peanu3ayiax MPeAroaracT yJaajleHHe YelIOBEeKa M3 30HBI OTHEBBIX Pa0oT, yMEHBIICHHE
TPYOOEMKOCTH MOHTAXa ITOJKPEIUIAIOIINX U 3aMEHAEMBIX CBs3€il MaTyOHOTO MEePEKPHITHS.

3akjouenue

B crarbe mnpuBenéH wacTHBIA ciyyall MOJEPHHM3ALMOHHBIX padoT mHaxyOHOTO
MePeKPBITHS OapK-IIIoIIaaoK mpoekta P-56, cornacuo npoekty CKC 013.P-56, peanuzarus
KOTOPBIX Ha MpPaKTUKE Jaja MOJOXKUTENbHBIM pe3ynbraT. s mosicHeHUs MoTpeOHOCTH
TaKuX paboT NpUBE/ICHbI JaHHBIE OLIEHOK TEXHUYECKOTO COCTOSHUSI NMaTyOHBIX EPEKPBITHI
KOpIycoB OapX-IUIOIIaZIOK M OLEHKH COOTBETCTBUSI TpeboBaHusM Poccuiickoro
Krnaccudukanmonnoro OOmiectBa (Ha MOMEHT MojepHH3anuu Poccuiickoro Pewnoro
Perucrpa). OOCyxmeHB BO3MOXHOCTH TPUMEHEHHS pOOOTH3allMM TPOLECCOB IPH
MIPOU3BOJICTBE KOHKPETHBIX MOJEPHU3AIMOHHEIX padoT mo mpoekty CKC 013.P-56 u mpu
MOJHOW WJIM YacTUYHOW 3aMEHE CTEHOK NOANATYyOHBIX OaloK M BEPXHHUX IIOSICHEB
nepebopok. Ha ocHoBaHMM 0OCyXJeHMS 0O0OMX peanu3aliif, Ha Haml B3MJIAA, MOXKHO
3aKJIIOYUTh, YTO BEPOSITHEH BCETO M IIPU HCIOIB30BAHUN POOOTH3UPOBAHHBIX KOMIUICKCOB
peanuzanys ¢ HaKJIaJHBIMH JIEMEHTaMu OyZeT MpeanouTHTeNbHel. B Toxxe Bpemst cienyer
y4ecTb, YTO TPH BBIACPKUBAHHUM OJMHAKOBON KOHTAaKTHON HArpy3Kd IaKeT W3 CTCHKH
0aJKM M HAKJIAJHOTO JIMCTOBOTO AJIEMEHTa OyJAeT TsDKenee, M0 CPaBHEHHIO C LIEJOCTHOM
crenkoit [5]. [Ipu sToMm, mpaBja, MONEpPEUHOE CeYEHNE HAKJIATHBIX 3JIEMEHTOB KapJIMHICOB
BOMIYT BCEH IUIOIIAABIO B DKBUBAJICHTHBIAH Opyc KOpIyca CyAHA, YTO YBEIUYHT €ro
MPOYHOCTh. BBIOOD K€ KOHKPETHOW pean3alliii U3 BhIIIE PACCMOTPEHHBIX PEaIbHO MOXKET
3aBUCETh OT MHOXECTBa ()aKTOPOB, HAIMUMs METAUIONpOKara, pabodel CHibl, WHOTAA
HEOOXOANMOCTh TOAEP)KaHUA B TOHYCE PaOOTHHUKOB MPENNPHUATUS U T.JA., BO3SMOXKHOCTH
HUMETh WIH apeHI0BaTh POOOTH3MPOBAHHBIE KOMIUIEKCHl U T.II. MOTYT OBITH IIPUMEHEHBI U
HECTaHJApPTHBIC PEICHUS, B YaCTHOCTH, KaHTOBAaHHE OapX B IMOJOKEHHWE MaTyOOH BHHUS.
ParonaneHBIN BHIOOp CIIEHApWEB peaiu3aluil OTAeNbHas HEmpocTas 3ajada, KoTopas
MOXET pEIIaThCsl NPH CIEIHAIFHOM IIOCTPOCHWH OIICHOYHBIX armapaTroB, HalpuMep ¢
UCIIOJIb30BaHHEM (QYHKIIMH JKeNaTelbHOCTH XappuHrToHa (cM. Juis nmpumepa [15...21]). B
M000M cilydae TIpUMEHEHHE pOoOOTH3MPOBAHHBIX KOMIUIEKCOB YIydIlaeT YCJIOBHSA pabOThHI
MIepCOHaNA MPEANPHUATHS B X01€ BEACHHUS MOICPHU3ALINU KOPITYCOB CY/IOB.
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Abstract. The article presents the results of an experimental study of the aerodynamic
characteristics of a modified Clark YH 8% profile under conditions of a screen effect. The
wing model with an elongation of A=2 was manufactured using additive FDM technology,
which significantly reduced the production time and cost compared to traditional methods.
The tests were carried out in a wind tunnel at a speed of 27 m/s both outside the screen and
near the screen at a relative flight altitude of h = 0.15. The influence of the screen and angle
of attack on the coefficients of lift, drag, and aerodynamic quality is analyzed. It is shown
that the screen effect significantly increases the lifting force of the wing and its aerodynamic
quality.

The study demonstrates the feasibility of using 3D printing for fast and cost-effective model
research at the initial stages of design.

Keywords: Ground effect, aerodynamic characteristics, Clark YH 8% profile, FDM printing,
ekranoplane.

BBenenue

CoBpeMeHHbIE a’pOAMHAMUYECKHE HCCIEJOBaHUs TPeOYIOT CO3JaHHs MOJENeH,
COYCTAIONIMX TOYHOCTh TEOMETPHM, MEXaHHYECKYl0 IIPOYHOCTh W MHHUMAIBHYIO
CTOMMOCTB M3roToBieHUs. Oco0ylo akTyaJbHOCTh 3Ta 3ajadya MpUOOpEeTaeT Npu H3yu4eHUU
CJIOKHBIX (PU3NYECKUX SBICHHUH, TAKMX KaK DKpaHHBINA 3()(eKT, Ie He0OX0AUMO POBOJUTH
MHOT'OYHCJICHHBIE TTOBTOPEHUS MCIIBITAHUHA. TpaaulmOHHOE N3rOTOBJICHHE METATMYECKUX
Mojeneld, OoOJIafaloIIMX BBICOKOH  TOYHOCTBIO, 4YacTO  OKa3bIBACTCS  YPE3MEpPHO
JIOPOTOCTOAIIMM W [UIMTEIBHBIM TI0 BPEMEHH H3TOTOBICHHUS, YTO OTPaHHIHBACT
BO3MOKHOCTH HCCIIeioBaTeNei (0COOCHHO s CTYJJCHTOB M ACTIHPAHTOB).

B manHOI1 cTaThe paccMaTpUBacTCs IPUMEHEHUE alINTUBHBIX TEXHOJIIOTHH ITOCIIOMHOTO
HarutaBieHus Qmiamenta (FDM) mns OBICTpOrO W 3KOHOMHYHOTO TPOTOTHITHPOBAHUS
MOJENd KphUIa OJKpaHOIUIaHA. B kadecTBe O0OBEKTa WCCIENOBaHUS OBUT  BBHIOpaH
MoauduimpoBannbslii nmpodpuns Clark YH 8%, amantupoBanHbIil ans paGoTsl BONH3M
SKpaHHOU MOBEpXHOCTH. MoJiesh C yUIMHEHNEM A=2 ObljIa UCTIBITAaHA B adPOJMHAMHYECKON
TpyOe C 1ebl0 OmnpelelieHHus BIMSHUS JKpaHa W yrila atakd Ha e€ a’poJMHAMUYEcKHe
XapaKTepUCTUKU. bonee mnoapoOHO 0 (U3MKO-MEXaHMYECKHX CBOMCTBAaxX W3JIENHi,
W3TOTOBJIEHHBIX MO TexHOoJoruu 3D-neyaT onucano B yueOHOM nocooun [1].

Lenpio paboThI SABISIETCS OLIEHKA 11€IeCO00pa3HOCTH ucnoiib3oBanusi FDM-neuatu amist
MIEPBUYHBIX a3POJUHAMUYECKHX HCCICIOBAHUMA, a TaKXKe JKCIICPUMEHTAIbHOE HM3YYCHUE
0COOCHHOCTEH OO0TeKaHHs MPSIMOYTOJFHOTO KphUTa KOHEYHOTO pa3Maxa BOJNH3H JKpaHa.
[IpoBeneHHBIE WCHBITAHHUS IEMOHCTPUPYIOT TOTCHIMAT AJTUTHBHBIX TEXHOJOTHHA IS
CYIIECTBEHHOT'O COKPAIIEHHS 3aTPaT M CPOKOB MPOBEACHHUS HCCICIOBAHMUI.

1. Mopaesb KpblIa JKPAHOILIAHA

Jnst Kpblna sKpaHoIuIaHa Okl BeIOpaH aBuanuoHHbIi npodmis Clark YH 8%, koTopsiid
BIIOCJICAICTBMH ObI M3MEHEH B 30HE XBOCTOBOW OKOHEYHOCTH. /laHHOE M3MEHEHHE ObLIO
MIPOM3BEICHO C LIENbIO TIOBBIILICHHS BIMSHUS 3KpaHa Ha MOAbEMHBIE KaYeCTBa IKPaHOIUIAHA.
Vcxonuelit 1 m3MeHEHHBIH npodniy mpeacTaBiIeHsl Ha pucyHke 1. KoopanHaTel HexoqHOTO
po¢us ObUTH B3STH U3 [2].

. Clark YH 8%
— = — o Clark YH 8%

Puc. 1. Ucxonusiii (cunuii) 1 n3meHeHHbI# (kpacHblit) mpodunu Clark YH 8%
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KoopanHaTel HCXOAHOTO W M3MEHEHHOTO PO mpeacTaBaeHs!l B Tadbmume 1.

Tabnuya 1
Koopmunatel npoduaeii Clark YH 8%
HcxoaHbIit 3MeHeHHbII
X Yeepx Yuus X Yaepx Yrus
0,0 0,0410 0,0410 0,0 0,0410 0,0410
0,025 0,0680 0,0185 0,025 0,0680 0,0185
0,05 0,0810 0,0120 0,05 0,0810 0,0120
0,075 0,0900 0,0070 0,075 0,0900 0,0700
0,1 0,0980 0,0045 0,1 0,0980 0,0045
0,15 0,1080 0,0000 0,15 0,1080 0,0000
0,2 0,1130 0,0000 0,2 0,1130 0,0000
0,3 0,1190 0,0000 0,3 0,1190 0,0000
0,4 0,1145 0,0000 0,4 0,1145 0,0000
0,5 0,1050 0,0000 0,5 0,1050 0,0000
0,6 0,0910 0,0000 0,6 0,0910 0,0000
0,7 0,0755 0,0000 0,7 0,0755 0,0000
0,8 0,0560 0,0040 0,8 0,0550 0,0000
0,9 0,0370 0,0100 0,9 0,0304 0,0000
0,95 0,0285 0,0137 0,95 0,0172 0,0000
1,0 0,0210 0,0200 1,0 0,0010 0,0000

Moens Kpblila IMEET yIUIMHEHHE A=2, T1ie pa3Max Kpbuia mojaenu /=500 MM, a xopaa
cocrapisier h=250 mMm. Mopnens kpbuta mrotoBieHa B 1:40 macmrabe. Ha pucynke 2
npexacrapieHa 3D-mozens Kpbula ¢ KpeIIGHUSMH, a Ha 3 KPbUIO B adpOJUHAMHYECKOM

TpyOe.

Puc. 2. 3D-mMoaenp Kpbiia ¢ MOIEePEeYHBIMA JIOHKEPOHAMHE U IITTOHKaMHI
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Puc. 3. Kpbuio B aspoanHaMudeckon Tpyoe

[TapameTpsl KpbLTa BBHIOMpANUCH HMCXONs W3 TIIOOANBHOM 3a1aud (IPOEKTHPOBAHUE
ONTUMAIIFHOTO JKpaHOIUIaHa), Ooiiee MOAPOOHO OCOOCHHOCTH BBIOOpAa THIIA KpbLIa,
pa3MepeHuii 1 0COOCHHOCTH KOHCTPYKITUH ONHCaHHI B [3] 1 [4].

2. OcoleHHocTH BBIOOpa THIIA KPbLJIA M €0 NPOAYBKH B 23POAUHAMMHYECKOM
TpyOe

Kpru1o mpomyBanocs B MaJol a3poJrHAMHYECKOW TpyOe (IuaMeTp TpyObl COCTaBIsIEeT
okonmo 700 mMm). Tpyba cozmaer Hamop ¢ MOMOIIBIO TOJKAMOIIETO BHHTA, YTO CO3MAET
JOTIOJTHUTEIbHYI0  TYpOYJCHTHOCTh, T.c. OOJiee  MPEANOYTHTEIBHBIM  SBJSICTCS
UCTOJIb30BaHUEC BUHTA TSHYINErO THUMA, T.K. OH co3maér OoJjiee JIAMHUHAPHBINA MOTOK.
CrpsIMIISIOIINE PEIIETKY TOTHOIICHHO HE CMOTIIH CTa0MIIN3UPOBATh MTOTOK.

Opna u3 mpoOeM, KoTopas BO3HHKAET MPH TYypOYJICHTHOM THIIC MCTCUCHHUS — 3aMep
CKOPOCTH TMOTOKAa. B pasjiMyHbIX TOYKAX HM3MEPHTEIBHOIO CEUCHHS CKOPOCTh IOTOKA
HEOJMHAKOBA W MOXKET NMPHHUMATh 3HAUCHUS, OJHM3KUE K HYINIO, YTO HE COOTBETCTBYET
JIEHCTBUTENILHON CpeHel CKOPOCTH MOTOKaA.

[epexoa mOrpaHIMYHOTO CJOS C IAMHHAPHOTO Ha TYpOYJICHTHBIA CYIIECTBEHHO MEHSET
XapaKTePUCTHKH KPBUIa — €T0 COTPOTHBIICHUE M MOIBEMHYIO CHITY, YTO YacTO MPHBOAUT K
3aBBIIICHUIO COTIPOTUBIICHUS M 3aHWKCHUIO TIOABEMHOMN CHJIBI.

Cxema TpyOBI, B KOTOPOH MPOU3BOIMIACH IIPOTYBKA KpbLIA, MPEICTaBlIcHa HA PHCYHKE 4.
Bonee moapoOHY0 HHPOPMALHKIO O a’POJUHAMHYCCKON TpyOe M METOAMKAX IPOTYBKH
MOXHO y3HAThb B UCTOUHUKE [5].

Yt W L4 3 L s
\ :-\ 'vl/b/j r

]
3

~
J

Vi
¢ \z &/ 1 \Qura

Puc. 4. Cxema a3poAMHaMHYIECKON TPyObI
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Ha pucynke 4 umerorca cnexnyromue o0OO3HaueHMs: | — IUTOCKas MeTaTHdecKas
IUTaCTHHA; 2 — HCCiIeayeMasi MOIelb; 3 — adpoINHAMUYECKHE BeChl; 4 — MpoQriIMpOBaHHBIH
MIPUEMHUK; 5 - CHIEIUAIbHBIC BBIITYCKHBIE OKHA; 6 — KOJUIEKTOP; 7 — OBOPOTHBIE KOJIEHA; §
— HaIpaBJIAIOIIIE JOIATKH, KOTOPBIE IPEACTABIIIOT COOO0H TOHKOJIMCTOBBIE METAIUINIECKHUC
IUIACTUHBI, UMEIOIINE B MONEPEYHOM CEYEHHU OJAMHAKOBBIH BBIMYKJIO-BOTHYTHIN MPOQUIIb;
9 — mepexoAHUK ¢ BOCBMMYTOJBHOTO cedeHus B kpyrioe; 10 — oceBoit BeHTuisTOop; 11 —
BBIXOHOW MEPEXOJHHUK C KPYTJIOTO CEYeHHs] B BOCBMUYTONbHOE; 12 — oOparHbIil kaHam; 13
— (opkamepa; 14 - cipsminstomme pereTky (XxoHeikomo); 15 — cormo.

Kak roBopuioch BbIIIE, KPBUIO UMECT YIJIUHEHUE A=2, UCXONs U3 CTaThH [6], TaHHOE
pelLleHne He SIBISAETCS ONTHMAJIbHBIM OTHOCHTENIFHO a’dpOJUHAMHKH KpblUla, HO B OOIIEit
3a7ade OJJHUM M3 HanOoJsiee ONTUMATbHBIX.

B none3y kpeuibeB ¢ yanuHennem A=2--3 rooput ombliT LIKb mo CIIK um. P.E.
ArekceeBa B cpepe SKpaHOIUIAaHOB, KOTOPHIH OMICaH B MIcTOUHUKaX [7] u [8].

HccnenoBanus B MICTOYHUKE [6] IPOBOIMIKCH C IPSIMOYTOIBHBIMHU KPBIIBAMH PO
HATU-876. Kpeuibst uMenn OTHOCTOPOHHHE TOHKHE KOHIICBBIC MIAHOBI, HampaBIICHHBIC
BHM3 B CTOPOHY SKPaHUPYIOIIEH MOBEPXHOCTH, BbicoTol H = h/b.

Ha pucynke 5 mpejcraBiieHbl BHIbI KPBUILEB U CIIOCOO MX MPOMYBKH BOJIM3M SKpaHa.
Ha pucynke 6 mpeacraqBeHa 3aBHCHMOCTb MPOM3BOJHON ITOXBEMHON CHIIBI cj'} oT
YIUIMHEHUS KpbUia. PUcyHKHU 5-8 3aMMCTBOBaHbI U3 UCTOYHUKA [6].

Mpoduan LATH-876
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Puc. 5. Buasl KpputbeB 1 c1ocod MpoTyBKH KPBUTEEB BOIN3M SKpaHa

3HaueHue NpPOU3BOAHON cﬁ YBEJIMYMBAETCSl IO MOAYJII C YMEHBLUIEHHUEM BBICOTHI U
pOCTOM yTJa aTaky 0, IPUYEM CHIIbHEe y Kpblla ¢ OosbmmM yanunHeHneM. OHO Bo3pacTaeT
C YBEIMYCHHEM VIJIMHEHUS 10 A=3, a mpu OONBIIAX YIUIMHEHHSX YBEINYCHUE
pojoIDKaeTcss ciabee u cﬁ - 1,1 (h=0,2), rne h - oTHOCHTeIbHAs BBICOTA IOJIETA,
KOTOpasi OMpeAeNsIeTCs MyTEM JEeNICHUS BBICOTHI MOJIETa (PAcCTOSIHUE OT CaMOW HWKHEH
TOYKH KPBLIa JIO IIOBEPXHOCTH KPaHa) Ha XOPAY KpbLIa.

Benuunna cﬁ SBIISIETCSL  KJIIOYEBOW B ypaBHEHUSAX IMPOJOJBHOTO  JIBHIKEHUS
neTatensHOTO amnmapara. OHa HampsMyIO BJIMSAET Ha 3amac MPOAOJIbHONW YCTOWYMBOCTH U
nemMnupoBaHre KoJieOaHuit 1Mo TaHTaxy. Yem OombIiie MOAyb 3Toro koddduiuenTa (T.e.
4eM OH OTpHIIaTeNIbHEE), TEM JIydllle N1eMII()UPOBAHNUE U BBIIIE YCTONUYUBOCTD.
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Puc. 6. 3aBucuMOCTb IPOU3BOJHOI MTOIBEMHOMN CHIIBL c; OT yJUIMHEHUS Kpblia

Maitoe yniarHEHHE HETaTUBHO BIHSET HAa O€30MIaCHOCTH MOJIETA — IO TPaduKy (PUCYHOK
7) BHIHO, YTO TP M3MEHEHHUH YTJIa aTaKH y KPBUIbEB C YIUIMHEHHEM | U 5 Ha OTMHAKOBOE
3Ha4E€HHUE, IPOUCXOAUT Pa3HOE MU3MEHEHHUE NPOU3BOJAHONW MOABEMHON CHIIBI, T.€. B ClIydae
CTCUCHHsI BOCIUHO HEOIAronpusaTHBIX (aKTOPOB (CHJIBHBIM MOTOK BETPa U JIP.) 3TO MOXKET
MPUBECTH K aBapud JKPAHOIUIAHOB C KPBUIBSMH MaJOro YIJHMHEHHSA. DKPaHOIUIAHBI C
KPBUIbSIMU MAJIOTO YIJMHEHUS Tak)Ke CKJIOHHBI K pacKadke.

c," =020
1.0 A=S
H=0,10
0,5 T =
H=0,05
| |
0 5 10 g0

Puc. 7. Bausiaue yria aTakd ¥ yAJIHHEHHS KPbLIa Ha KOA(PQHUIUEHT TOABEMHON CHIIBI OT
OTHOCHTENBHOH BLICOTHI oJIéTa h = 0,2

Ho mpu sToM Manoe yanuHeHHe yXyJIIaeT a3poJIMHAMUYECKOe KauecTBO amlmapara, a
3HAYUT U €ro 3KOHOMHKY, T.€. allapaT C YPe3MEPHO MAIBIM YAJHHEHHUEM MOXET OBITh
HerenecooOpaseH. Ha pucyHke 8 moka3zaHO BIMSHHE YAJMHEHHS HA a’pOIMHAMHYECKOE
KauecTBO KphLa.
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Puc. 8. [ToBblIeHHE a3pOANHAMUYECKOE KaueCTBa KPblIa B 3aBUCUMOCTH OT yJUIMHEHUS KpbLIa U
OTHOCHTEIIbHOM BBICOTHI ITOJIETA
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3. Pe3yabTaThl H 00CyKIeHHE

Ha pucynkax 9-11 npencraBieHsl 0000MEHHBIE KPUBBIE TPOTYBKH KpPbLJIa HA CKOPOCTH
27 m/c kaKk BHe dKpaHa, Tak W Ha BhicoTe 0,15 xopmel kpsita (h = 0,15). Ock X — yrisI
aTakl B TIpagycaX, OCb Y — KOI(Q(HIHNCHTH CONPOTUBICHUS, HOXBEMHOW CHIIBL,
a3POIMHAMUYECKOr0 KauecTBa. BBHIy BBIABICHHOW MOBBILICHHOM TypOYIEHTHOCTH ITOTOKA
B paboueil yacTi TpyOBI, OJy4YECHHBIC NaHHBIE CIEAYET PacCMaTpuUBaTh KaK OLICHOYHEIE,
OoTpaxkaroliye B OOJIbIICH CTENeHN KayeCTBEHHBIC 3aKOHOMEPHOCTH, HEXEJH aOCOJIIOTHBIC
BEJINYMHBI.

CKOpoCTh TIOTOKa H3MEPSUIM HECKOJIBKUMH CIIoco0amMH /IS B3aMMHOW ITPOBEPKHU
JIAaHHBIX: C TIOMOIIBIO0 BCTPOGHHOT'O B a3pOJMHAMHYECKYIO TPYOY HIKOCTHOTO MaHOMETpa
W TIapbl AJIEKTPUYECKUX aHeMOMeTpoB. Hamnune HEecKOJIBKMX W3MEPHUTENFHBIX NpHUOOpOB
TIO3BOJISUIO MOBBICUTD HAJEKHOCTh PE3YJIbTaTOB.

AspopuHamudeckre K03 UIMESHTH onpenensuch nyTéM nepecuéra. [Ipu mponyske
KpbUIa oreparop Iojlydal 3HaueHHs B BoJbTax. ViMes xoadduunenTs! nepecuéra (IaTa4uku
cwi1  OBUIM  NpeNBapUTENbHO  OTTAPUPOBAHBI), KOTOPBIE  ONPEACIUINCH  Nepen
IKCIICPUMEHTAMH, TPOHUCXOAMI IIepecyéT MONYy4YCHHBIX 3HaueHWd B cuibl. [locie
00pabOTKH IMOJYYSHHBIX PE3yJIbTATOB, MPOHCXOMMI BTOPHYHBIN NEpecdéT, TOJIBKO yXe ¢
cii1 Ha KO3()GHIUEHTHl CONPOTHBICHHS M MOABEMHOI cmibl. JlaHHas ¢opma 3amucu
pe3ynabTatoB (B KO3(h(UIMEHTaX) SBISCTCA OoJiee MNPEANOYTHTSIBHOW, T.K. SBIISCTCS
YHUBEPCAJIBHOW /I BCEX MAcIITa0OB KpbLia.

0,35

fj —®— Bhe skpaHa
0,5 xopabI
——0,15 xoppI
0,05
0
-5 0 5 10 15

o, Tpan

Puc. 9. Kpussle 3aBuCcHMOCTH KO3(Q(HUIMEHTa COMPOTUBIEHHS OT OTHOCUTEILHOH BEICOTHI MOJNETA U
yrJia aTaku
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—@— BHe 3KpaHa
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Puc. 10. Kpussie 3aBucumMoctyt K03 GHIMeHTa Mo JbeMHON CHIIBI OT OTHOCUTENBHOM BBICOTHI TONIETA
U yTJla aTaku

] —@— Bre >kpaHa
3 0,5 xopambt
——(,15 xopasr

-5 0 5 10 15

o, Tpaj

Puc. 11. KpuBble 3aBUCUMOCTH a3pOAMHAMUYECKOTO Ka4eCTBa OT OTHOCUTENILHOM BBICOTHI MOJIETA U
yIJla aTaku

Ha pucynkax 12-16 npencraBieHs! rpauKki ¢ OTHOCHTEIFHBIMU 3HAYCHUSMH, T.€. T/IE
0Ch X — 3HaYCHMS KpbUIa BHE 3KpaHa, a BCE YTO BBIIIE WM HWXKE JaHHOU ocH (110 OCH y) —
oTan4Me B % 3HAUCHUSX.

OTHOCHUTEIbHBIE BEIMYMHBI CYUTAIINCH 110 (POPMYJIe POLEHTHOTO IPUPOCTA!

Cx = Cx i = Cx Bhe sxp ) 100%,

Cx Bue axp
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rne Cx — 3HayeHue mpupocta B %, C,; — 3HAUYGHHEC B HCCICIyeMOW Touke (Ha
OTIpeNIeIEHHON BBICOTE B 30HE SKPaHHOTO »(¢eKTa NpH ONpeAeNEHHBIX YCIOBHUSIX),
Cy suesxp — 3HAYCHHUS, TIONYYECHHBIE TIPH AHANOTHYHBIX YCJIOBUSX, 4TO U B (Cy;, HO BHE

JKpaHa.

20
16
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—@— BHe 3KpaHa
. 12
SN 0,5 xopAbl
i: % PA
© 3 —@— 0,15 xopab!
6
4
2
@ @ 4 L 4 4 L ®
-5 0 10 15

5
o, Tpa.

Puc. 12. Kpusble 3aBucuMoctyt K03 GHUIMEHTa CONPOTUBICHNUS OT OTHOCHTEILHON BBICOTHI ITOJIETA U
yTJ1a aTaKy 110 OTHOIICHHUIO K 3HAYEHHSAM KpbLIa BHE KpaHa

600

X
5 —@— BHE HKpaHa
0,5 xopsl
——0,15 xopasl
-5 15

o, Tpaj.

Puc. 13. Kpusble 3aBucHMOCTH KO3 PHIIHEHTA ITOJHEMHOIN CHIIBI OT OTHOCHTEIFHOM BBICOTHI IOJIETA
¥ yIja aTaky 110 OTHOIICHMIO K 3HAYEHUSAM Kphlla BHE SKpaHa
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X
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Puc. 14. KpuBble 3aBUCHMOCTH a3pOIUHAMHYECKOTO Ka4eCTBa OT OTHOCUTEIBHON BBICOTHI MONIETA U
yTJ1a aTaky 110 OTHOIIEHHUIO K 3HAYEHHUAM KpBLIa BHE SKpaHa

Hwmxe npencraBiens! rpaduky, rae OTACTHHO 0TOOpakeHa 30Ha 10 150% s KpUBBIX
KOA(PHUIHIEHTOB MOABEMHOHN CHIIBI M a9POINHAMUYIECKOTO Ka4eCTBa.

15

130

110
90

—®— BHe >KpaHa
70

Cy, %

0,5 xopabt
50 ——0,15 xoppI

—eo 9o 9o oo oo
5 10 0 5 10 15

o, Tpa.

Puc. 15. Kpussle 3aBUCHMOCTH KO3 PHUIHUCHTA TOIHEMHON CHIIBI OT OTHOCUTEIEHON BBICOTHI ITOJIETA
M yrJia aTaky [0 OTHOLICHHIO K 3HaYEHMSIM KpPbLJIa BHE dKpaHa, orpaHH4YeHHbIe 001acThio 10 150%
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Puc. 16. KpuBble 3aBUCHMOCTH a3pOIUHAMHYECKOTO Ka4eCTBa OT OTHOCUTEIBHON BBICOTHI MONIETA U
yIJ1a aTaKy 110 OTHOIICHHUIO K 3HAYEHMSIM KpbIIa BHE 9KpaHa, OrpaHHIeHHbIe 00macTsio 10 150%

Heo6xoanMo OTMETHTB, YTO KPBUIO MPOIYBaloCh 03 KOHLEBBIX IIaiid, KOTOpbIE
MOBBIIIAIOT MOABEMHYIO CHIY KpbUIA M a’pOJUMHAMHYECKOE KadecTBO. JlaHHOMY
HCCIIEeOBaHMIO OyeT MOCBSIICHA CIEAYIOIasi CTaThsl.

ABTOpBl U3 HUCTOYHMKA [9] [emaroT CXOXXHME BBIBOABI M BIMSHUM DJKpaHa Ha
a3pOJIMHAMUKY 3KpaHOILIaHa.

3akaouenue

WsrotoBnenHas no texHojoruu FDM-nedatun mozens xpwuia ¢ npopunem Clark YH
8% moKa3zaja CBOIO MPUTOAHOCTH JJISI IPOBEACHUS MEPBUYHBIX adpPOAMHAMHYECKUX
HCCIIEOBAaHUH.

PesynbraTel nccienoBaHUM MOATBEPXKIAOT, YTO IAHHBIA METOX MPOTOTUIHPOBAHUS
MO3BOJSIET COKPAaTHTh BPEMsSI M CTOMMOCTh HU3TOTOBIECHUS MOJENEH IO CPaBHEHUIO C
TpaJULIMOHHBIMHA METOJAMH.

OKCIEepUMEHTAbHbIE JaHHBIE TOATBEPAWIN CYLNIECTBEHHOE BIUSHHE JKPAHHOIO
s¢derra Ha a3poANHAMUYECKUE XapaKTEPUCTUKHU Kpblia. B0 3auKcnpoBaHo n3MEHEHHE
KO3()(UIMEHTOB MOABEMHOW CHJIBI M CONPOTHBIICHHS, a TAaKXKE a’3pPOJMHAMHYECKOTO
KayecTBa NpM IOJIETE HAa Malloi OTHOCHMTENLHOM BeicoTe (R = 0,15) 1m0 CpaBHEHHIO ¢
IIPOJyBKOM BHE BIIMSHUS 3KPAHHON TIOBEPXHOCTH.

Pe3ynbTaThl MpOAYBKH CBHUACTEIHCTBYIOT O TOM, YTO HPH NMPHONMKECHUN K IKPaHHON
MIOBEPXHOCTH HabmromaeTcss pocT KoddpduuueHTa MOABEMHOM CHIIBI  KpBUIa IpHU
HE3HAYNTENIFHOM  WM3MEHEHHHM  CONPOTHUBICHHSA, YTO  BeAET K  IOBBIMICHHIO
a’POJMHAMUYECKOTO KauecTBa. Y IIMHEHHE KPbLIa OKa3blBa€T 3HAYUTEIbHOE BIUSHHE Ha
a’pOAMHAMUYECKOE KauecTBO amnapara

IlomyyeHHble  pe3ynbTaThl  SBIAIOTCS  HEPBBIM  3TAlOM U JEMOHCTPHUPYIOT
MEpPCIIEKTUBHOCTh IPUMEHEHUS! aJUINTHBHBIX TEXHOJOTWH st OBICTPOH NPOBEPKH
TEOPETUUYECKHUX TUIOTE3 U ONTUMU3ALUN T€OMETPUM HA PAHHUX CTAAMAX MPOCKTHPOBAHUS.
B pamkax magpHEHIINX WCCIEIOBAaHMH IIAHUPYETCA M3y4YCHHE BIUSHHSA KOHIIEBBIX IIai0
Ha XapaKTEePHCTHKU KpbUIa BOJM3H JKpaHa, a TAaKXKe HCIBITAaHUS MOJENeH C OOJBIINM
YAJMHEHWEM Ui KOMIUIEKCHOH  ONTHMH3AalMK  adpOJMHAMHYECKHX  IapaMeTpOB
MIPOEKTHPYEMOTO ammapara.
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Lemecoobpa3HOCTh OCHAIIEHUS KPBUIHCB KOHIIEBHIMH IIaii0aMu OTpakeHa B OTYETE

IHAT'U [10], rme mpeacTaBieHBl 3KpaHOIUIAHBl PA3IMYHBIX KOHCTPYKIMH. Mcmonmp3oBaHue
KOHIIEBHIX a0 Oa3mpyercs Ha 0000MEeHNI MUPOBOTO HH)KEHEPHOTO OITBITA.

10.
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OnTumMn3anus KOHCTPYKIMU BHIHOCHOM paMbl
CIYCKONOIbEeMHOI0 YCTPOICTBA /ISl TeJIeyNPaBJisieMOro
MOABO/IHOTO ANMNAPATA

A.1O. PriyenkoBa

ORCID: 0000-0002-6477-6305

Tocyoapcmeennuiii mopckotl ynugepcumem umenu aomupana @.@. Ywarosa,
2. Hosopoccuiick, Poccus

AnHotammsi. B cratee maH kpaTkmit 0030p pasNMYHBIX THUIIOB CITyCKO-TIOJXBEMHBIX
YCTPOWCTB Il TOABOJHBIX AaMNapaToB, IPOAHAIM3UPOBAHBI WX KOHCTPYKTHBHBIE
O0COOGHHOCTH M YCIOBHA OKciuryaTtanuu. [lokazaHo, 4to Hambosee Harpy>KeHHBIM
JJIEMEHTOM KOHCTPYKIUH CITyCKO-TIOXBEMHOTO YCTPOICTBa SBISI€TCS IOBOPOTHAsl pama,
CITyxXarmasi IJIsl BRIHOCA TOABOJHOTO alapaTa 3a 00pT, M03TOMYy pa3paboTKa ONTUMAIbHOM
KOHCTPYKIIMM DPaMbl SIBISIETCSl aKTYyaJbHONH M SKOHOMHYECKH IierecooOpa3HoW 3amadeil.
OOocHOBaH  BBIOOp  KOHCTPYKIMH  BBIHOCHOH  pambl B Buae  [I-00pa3Hoit
METAJUTOKOHCTPYKIIMM, OOYCIIOBJICHHBIH  3aJaHHBIM THIIOM CITyCKaeMOIo ammapara M|
YCIIOBUH  3KCIUTyaTallud  CIICKONOABEMHOTro ycrpoiictBa. [IpemnoxeHa Meroamka
ONTHMH3AIMH KOHCTPYKIUH BBIHOCHOHM paMbl, KOTOpas SIBISETCSl YHUBEPCAIBHOH U MOXKET
OBITh MCHOJNB30BaHA Ui JTIOOBIX METAJUIOKOHCTPYKIHMHA W3 MpomiIbHBIX TpyO. Jma Bcex
HCCIIEAYEMBIX BapHAHTOB KOHCTPYKIMM OBbLIO BBIIOJHEHO TPEXMEPHOE TBEPAOTENbHOE
monenupoBanue B oredectBeHHOW CAIIP Kommac 3D u mpoYHOCTHOW pacdeT ¢ MOMOIIBIO
noncucteMbl AIIM FEM. Ilpou3BeneH cpaBHUTEIBHBIA aHAINW3 MPOYHOCTHBIX M BECOBBIX
XapaKTepUCTUK paMbl IIPH H3MEHEHHM €€ KOHCTPYKTHUBHBIX IapameTpoB. B pesymbrare
HCCIIEIOBAaHMsl ONpeNeNieHa ONTUMAalbHAs KOHCTPYKIMs I1-00pa3HO BBIHOCHOHW pambl
CITYCKOIIOTbEMHOT'0 YCTPOWCTBA C YUETOM 3aJJaHHOTO KPUTEPHSI ONITUMAIIBHOCTH.

Keywords: ycrpoiictBo cmycka ¥ NOAbeMa, MOPCKOM MOJBOJAHBIM  ammapar,
METaJUTOKOHCTPYKIHS, TPEXMEPHOE MOJEIHPOBAHNE, CTATHUECKUII pacd€éT NPOYHOCTH,
BHYTPEHHHE HANPSDKEHUsST, KO3 UIHEHT 3amaca IpOTHOCTH.

Optimization of the outrigger frame design of the descent device
for a remote-controlled underwater vehicle

Anna Yu. Rychenkova
ORCID: 0000-0002-6477-6305
Admiral Ushakov Maritime State University, Novorossiysk, Russia

Abstract: The article provides a brief overview of various types of descent and ascent
devices for underwater vehicles, and analyzes their design features and operating conditions.
It is shown that the most heavily loaded element of the descent and ascent device is the rotary
frame, which is used to carry the underwater vehicle overboard. Therefore, developing an
optimal frame design is an important and cost-effective task. The article justifies the choice
of a P-shaped metal structure as the design of the outboard frame, based on the specific type
of the descending vehicle and the operating conditions of the descent and ascent device. A
method for optimizing the design of an outrigger frame has been proposed, which is
universal and can be used for any design made of profile pipes. For all the studied design
options, three-dimensional solid modeling was performed in the domestic CAD system
Compass 3D, and a strength analysis was performed using the APM FEM subsystem. A
comparative analysis of the frame's strength and weight characteristics was performed by
changing its design parameters. As a result of the study, the optimal design of the U-shaped
remote frame of the descent and ascent device was determined, taking into account the
specified optimality criterion.
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BBenenue

VYBenuueHne noTpeOHOCTH COBPEMEHHOW MPOMBIIIIEHHOCTH B MOJIE3HBIX MCKOIMIAEMBIX
o0ycaBnuBaeT MHTCHCU(HKAIMIO MpOLEcca OCBOCHUS MHUPOBOTO OKEaHa W JIUKTYET
HEOOXOANMOCTh HMHTCHCHUBHOTO IIPOBEACHHS IIOJBOJHBIX pabOT C HCIOJIB30BAHUEM
Pa3IUYHBIX TEXHHUYECKHX CpelcTB. K 4MCIy TaKMX CPEACTB OTHOCSTCS TeleyIpaBisieMble
HeoOuraemble monBogHble Komruiekchl (THIIK), koTopple  IMMPOKO HCIONB3YIOTCS B
o0nacTn OKEaHOJOTHYECKMX HCCIEAOBAHMM W OIGHKM 3allacoB MUHEPAIbHBIX H
OMOIIOTHYECKUX pecypcoB okeana [1].

Kak mokazan 0030p IOCTYNHBIX HCTOYHMKOB NPOEKTHPOBAHHIO U YIIPABICHHIO CAMHX
MOJIBOAHBIX ~ allaparoB  YAEJIEHO JIOCTaTOYHO Oouyblioe BHMMaHue [2-5], oqHako
cinyckonogbeMHubM  yerpoiictBam  (CITY), kak BCIOMOraTelbHOMY  O0OPYIOBaHHIO,
HEOOOCHOBAHHO NPHIAIOT MEHbIIee 3HadeHHe. B To Bpems Kak omepanuu CIycka o
MoJbe€Ma ammapara CONpPSDKEHbl C  OONBIIMMHM PUCKAMU U SBJSIFOTCS  CaMbIMHU
OTBETCTBEHHBIMH M  OINpENENAIONIMMU  COXPAaHHOCTh CaMOro ammapaTa M €ro
pabotociocobHoCcTh [6]. IlodTOMy »SddexkTnBHOE U 0Oe30macHOE HCMOJIH30BAHUE
HEOOMTAEMBIX allapaToB BO3MOXKHO JIMIIb NTPH HAJMYUH HA CyIHE-HOCHTENE CIICIHAIbHBIX
YCTPOHCTB, 0OeCTIeUnBAIONINX BRHIHOC HEOOUTAEMOT0 anmnapara 3a 00pT, €ro CIIyCK 0] BOAY
1 TAKXK€ €T0 TOIBEM.

Hdnst  omepammit  cmycka W [IOgbeMa  IIOIBOJHBIX aIlllapaTtoB HamOoiee
pacIpocTpaHeHbl TPY30MOJbEMHBIE YCTPOICTBA, PACHOJIOKCHHBIE HEMOCPEACTBEHHO Ha
6opty cyana. CambiM pacnpoctpanéHHbiM Tunom CIIY sBisercst OopToBOl KpaH C
MIOBOPOTHOI! CTpeIoi, Kak, HalpuMep, Ioka3aHo B pabore [7] ais ciycka 3a OopT ammapara
REMUS 600. CynoBoii kpaH MOXET OBbITh UCIIOJIB30BaH TOJILKO JUIsl HEOOJBILIHNX MO BECY U
rabapurtaM ammapartoB. IIpy 3HaYMTENHHOM BECE MOTPYKAEMOTO ammapara e€ro CIycK IoJ
BOJIy OCYIIIECTBIISIETCS Yepe3 CHEIHaIbHYIO IAaxXTy BO H30exKaHNe ONacHbBIX 3HAUEeHUH KpeHa
Cy/JHa, BOSHUKAIOIINX B MPOLECCE CITyCKONOIBEMHBIX ONepanuii ¢ KOpMBI U OOPTOB CyIHA.
[Ipumep Takoro pemreHus 1Mo CIycKy ammapara 3a 0opt mokaszas B padote [§]. B HekoTophix
citydasx Juis 00ecredeHus JIOMOJIHUTEIbHOH MOOMIBHOCTH U YIPABISIEMOCTH MOJBOIHOTO
anmapaTa CITyCK U ITOJIbEM II0JIBOJJHOTO ammapaTa OCYHIECTBISIETCS ¢ BBIHECEHHOW 3a OOpT
crennanbHON TUIATGOPMBI, Kak 3TO IMoka3aHo B [9]. B mocmennee Bpems Bce Oombimee
pacIpocTpaHeHHe MOyJaloT OECIIMIOTHBIE Ha/IBOHBIE YCTPOHCTBA IS CITyCKa M IObeMa
IIOJIBOJTHOTO ammapara, Kak mpaBuilo, B Buae karaMmapasa [10], uTo mo3BonseTr 0ocBOOOANUTE
obecrieunBaoliee CyAHO OT HEOOXOAMMOCTH UMETh I'PY30BbI€ KPaHbI, CTPEINbI, JICOCKH,
MOJBEMHUKH M JApyrue MoJo0Hble  ycTpoiictBa. Hapsmy ¢ TpaauIiMOHHBIM
IPy30II0IbEMHBIM 000pPY/IOBAHHUEM, MOSBIAIOTCS M OPUTHHAIBHBIE TEXHUUECKUE PEIIeHUs.
Tak, B [11] mpemnoxkeH yHUKaIbHBIA METOJ CIOyCcKa M TOJbeMa OOJBIIMX MOJBOIHBIX
TPAHCHOPTHBIX CPEJICTB B CHENHAIbHOM KOKOHE, a B [12] mpemmaraercst OCyIIECTBISATH
CIYCK IOJ] BOAY NOCPEACTBOM HaJAyBHOU apOUHONW KOHCTPYKIUH.

Kak moxasanm o0030p B Hacrosiimiee BpeMsi MHpPOBBIE HCCIENOBaHMS B o0nacTu
NIPOEKTUPOBAHMS TIO/IBOJIHBIX aIlllapaToB HIYT B HalpaBJIeHHH oOecredyeHHs MX IOJHOM
aBTOHOMHOCTH W, Kak CIeJCTBHe, OosbIIMHCTBO cymectBytomux CIIY npenHasHaueHb!
HMEHHO [ aBTOHOMHBIX allapaToB, KOTOpPbIE MOCIE CIycKa MOJ BOJXY CTaHOBATCS
HE3aBHCHUMBIMH OT CyJHA-HOCHTENSi W HE CBA3aHBl C HUM MexaHudecku. OnHako B
OTE€YECTBEHHON MpPaKTHKE CITyCKOIOABEMHBIX OIEpaliii HauOoJblIee pacHpOCTpaHEHHUE
TOTYYHITN TeNeymnpaBiisieMble HeoOWTaemble TOABONHBIC ammapatel  [13]. [l
(YHKIMOHMPOBAHMS TAKOTO POja almapaToB HEOOXOIUMO HAIWYHE KaTyIIKH ¢ Kabemew,
MTOCPEICTBOM KOTOPOTO OCYIIECTBISIETCS NMUTAHWE W YIPABICHHWE ammapaToM. Takum
o0pa3zoM, KaOelb-TPOCOBasl CBS3b OIYCKAEMOTO HEaBTOHOMHOTO OOBEKTa C CYIHOM-
HOCHTEJIEM HAKJIaJbIBAET JIOMOJIHUTEIbHBIE YCIIOBHS M OTpaHWYeHUs Ha KoHcTpykuuio CITY
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[14]. O030p KOHCTPYKTHBHBIX OCOOCHHOCTEH W YCIOBHHA OSKCIUIyaTallMHd CITyCKO-
MOABEMHBIX YCTPOMCTB JUIS MOABOJHEIX alllapaToB JAAeT OCHOBAHKE IOJAraTh, 4TO 3ajada
ontuMmu3anui KoHcTpykuuu CIIY  ui  TeneynpaBisieMBIX HEOOWTAaeMBIX ITOJBOIHBIX
anmaparos (THIIK) siBisieTcst BecbMa akTyaJIbHOM.

ITocTanoBKka 3aga4u ucc/Ie0BaAHUS

Lenpro maHHOTO HMCCIIeOBaHUs ObUIO pa3paboTaTh ONTHMaNbHYIO KOHCTpykiuio CITY
JUIL CIyCcKa M TOoAbeMa MHOTO(QYHKIHOHAJIBHOTO TEJEyNpaBiIsieMoro HeOoOHUTaeMOoro
TIOJIBOTHOT'O KOMIUIEKCa, PEIHA3HAY€HHOTO ISl BBIIIOJIHEHHS T€0JI0r0pa3BeIOYHbIX padorT.
ChoyckornogbeMHble  pabOThl  NPOBOJSATCS  IIOCPEACTBOM Ka0EeIb-TPOCOBOM CBs3M Ha
HenoJBWXKHOM cynHe. [Ipu BeiOope xoHcTpykimu CIIY omnpenensiomiee 3Haue€HHE MMEET
HalM4he KabeIb-TPOCOBOI CBSA3M OIyCKAaEMOTO HEaBTOHOMHOTO OOBEKTa C CyIHOM-
HocuTeneM, pasmepsl, ¢opma m Macca THIIK wm miryOmnHa ero morpyxeHus, a Takxe
HEOOXOANMOCTh oObecreyeHns: padOTHl NPH HEMOABIXKHOM WM ABIXKYIIEMCS CyIHe-
Hocutene. Pa3pabareiBaemoe CIIY mpenna3zHaueHo mis cmycka-mogbema THIIK maccoit
1200 kr. CrryckonogbeMHbIe pabOTHI POBOISITCS IIOCPEACTBAM KaOEIb-TPOCOBOU CBS3HM Ha
HETIOJIBIDKHOM ~ Cy[JHE. YUWTHIBas BBIIICIIPUBENCHHBIE (AaKTOPBI, U TNPOBEICHUS
CIyCKONIOZABEMHBIE ONEpalii MOTYT OBbITh HCIIOJNIB30BaHBbl TOJBKO cynoBbie CIIY,
KiaccuduKanus KOTOPhIX IT0OKa3aHa Ha pUcyHKe 1. Mcnonb30BaHue BHIHOCHBIX IIABAIOIINX
aT(opM MM KaTaMapaHOB OTPaHMYECHO CITYCKOM aBTOHOMHBIX aIllaparoB.

[Tpoananu3upyem ycaoBUsl SKCIUTyaTallMi U 00J1aCTh MPUMEHUMOCTH PA3IMYHBIX TUIIOB
cynoBeix CIIY c¢ menbto o6ocHOBaHHS BbIOOpa onTHUMainbHOM KoHCTpykimu CIIY mms
JAHHOTO amnmnapara.

Hlaxmmusie CIIY ocHOBHOE IPUMEHECHNE HAXOIAT IIPH CIIyCKe-1I0JbeMe 000pyAOBaHUS
OOJIBIION MAacChl, TaK KaK CITyCKOIIOABEMHBIC OIEpalny, MPOBOANMBIE C KOPMBI M OOPTOB
Cy[Ha, MOTYT IPUBECTH K 3HAUUTENILHOMY KpEHY CyIHA.

Cynossie CITY
1
R I I
IIaxTHEIE BopToBbIe, KOPMOBEIE
r B I
| I 1
C omycKHBEIM 111 ITapamienorpaMHbIe

IlpocTeie : ATIK e P TPan
P 3aXBaTOM Kparoamka paMBr PBIHAKHEIE

MEXAHITBMET

Puc. 1. Tuns! cynossix CITY

CIIY c¢ 3axeamuvim napannenozpammHO-pblYaiCHbIM  YCHIPOIICHEOM HMEIOT
JIOCTaTOYHO CJIOXHYIO KOHCTPYKIHMIO M HCIHOJB3YIOTCA IpPH JKECTKHX TpPeOOBaHUIX K
YCTOHYMBOCTH OITyCKa€MOTro OOBEKTa M COXPAHEHHIO €ro TOPU3OHTAJIBHOTO IOJO0KEHHS.
[TockonbKy MOMOOHBIX JKECTKHX TPeOOBAaHWHA K CITYCKO-TIOJBEMHOMY YCTPOMCTBY IS
nanHoro THIIK He npeassBisiercs, npuMeHeHue 3toro tuna CITY He onpasaaHo.

HawuGomnsmiee pactupoctpanenue nosyauiaun CITY, BEITOTHEHHbIE B BUAE KPAH-0anKu u
wapHupHoii pamel. B HEKOTOPBIX Ciydasx IapHUPHO-3aKpEIUIEHHbIE OAJIKW MOTYT OBITh
BBITOJIHEHBI TEJNEeCKOMUYECKUMHU. IIpeumymecTsamu KpaH-0anku SIBJISIFOTCSL:
YHUBEPCAJIBHOCTh (MOXET NMPUMEHATHCS Ul Pa3iIMdYHBIX BHJOB pabot); Ooiblias 30HA
oxBaTa; KOMIAkTHOCTb. K HegocTaTrkaM MOXKHO OTHECTH: OTHOCHTEIBHO HH3KYIO
TPY30TII0TbEMHOCTh; OOJbIIME TeperuObl TPy30HECYIIero Kabemns; OTHOCHTEIHHYIO
CIIOKHOCTBH KOHCTPYKIHH (110 cpaBHernuto ¢ CIIY ¢ mapHuUpHOH paMoii).

ITo cpaBuenuto c kpan-Oankori CIIY c¢ mapHupHOH pamoi oOmagaroT Oosbieit
TPY30TII0TbEMHOCTBIO M B COUETAaHUM C OoJiee MPOCTON KOHCTPYKIIMEH obecreunBaroT Ooee
BBICOKYIO HaJCKHOCTb.

38



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne86(1), 2026

TakuM 00pa3zoM, AT BBINOJHEHUS CIYCKOTIOJBEMHBIX Pa0OT B 3aJaHHBIX YCIOBHSX
IKCIUTyaTanuu Haubosee o0ocHoBaHHBIM TUnoM CIIY OymeT KOHCTPYKHIHS C IMApHUPHOM
pamoii. Cxema mpemmaraemoro CIIY # ero 3JIeMeHTHBIH COCTaB IMOKa3aHBl HA PHCYHKE 2,
rae CITY mokasan B pabodem monoxennd, korna THIIK naxoautces 3a 6opToM cynHa.

Tak kax HamOoiee MEXaHMYECKHM HArpyXEeHHbIM 3JeMeHTOM KoHcTpykuuu CIIY B
IpOLIECCE ero HKCILTyaTallly SBISETCS MIMEHHO BHIHOCHAS pama, TO OT ee 3araca IIpOYHOCTH
B OouibIleil Mepe OyaeT 3aBHCETh HaJJeKHOCTh M Oe3onacHOCTh paboTsl Beero CITY, a Takke
COXpaHHOCTh MOrpyxaemoro ammapara. I[lostomy ontummzanus (oOpMbBl M pa3MepoB
Hecyllel pambl CTaHOBHUTCS NPUOPUTETHOM 3ajadeld mpu npoekTupoBaHuu jrodoro CITY
takoro tuma. IIpu >ToM BBIHOCHAsE pama JOJDKHA 00ECIeYMBaTh JKECTKOCTh M MPOYHOCTD
koHcTpykumu CIIY s oTBeneHHs cIyckaeMoro OOOpYIOBaHHMS Ha Oe30macHoe
paccTosiHHE OT KOpIlyca CyAHa BO H30€XaHHME ymapoB ammapara o OopT cyxHa. BeiHOC
CTpenbl JIOKEH OBITh TaKWM, YTOOBI NPH CITyCKONOJBEMHBIX OIEPAISIX CITyCKacMoe
0o00OpynOoBaHHE HE TIIOBPSKAATOCh. BBIHOCHAas pama [OJDKHA JKECTKO KpENHUTheA K
¢yHmaMeHTy Ha OTKphITOM mnamybe. C ydeToM BCETO BBINIECKA3aHHOTO 3amadei
KOHCTPYKTUBHOM ONTHMHU3aIMU Hecymled paMbl OyneT MUHMMH3anusl €€ Beca IIpH
obecrieueHUH TPeOyeMOro 3amaca MPOYHOCTH W CBOOOIHOIO MEPEMEUICHUS MOABOIHOIO
amnrmnapara noj Heil.

B CIIY c mapHupHO# paMoii Haubojee 4acTo MPUMEHSIOTCS paMbl ABYX THUIOB: A-
obpaznas u Il-o0pasnas [15]. A-oOpa3Hoit hopmMa pambl C OJHOW CTOPOHBI IO3BOJIAET
HECKOJIBKO COKpaTUTh ee OOINWi Bec, OJHAKO JIMIIAeT HEKOTOPOH CTEeNeHH CBOOOJIBI
MIOJIBELIICHHBI Ha paMe ammapaT, YTO MOXET NPHBECTH K COYAApeHHSAM IIPH KadyKe WIN
Betpe. IIpumenenune A-oOpasHoif (opMBI ONMpaBAaHO TOJIBKO A MajbIX MO rabapurtam
THIIK. B mamewm ciydae Ooxee menecoobpasHbIM OynmeT mpoekTupoBaHue [1-o0pa3HOit
paMbl, HEMOCPEACTBEHHO Ha KOTOPOW 3aKpervieH KaHH]ac-OJOK, Kak 3TO IMOKAa3aHO Ha
pHUCYHKeE 2.

fﬂ g s o
-1
5 - = .'_l 1 o - -\ -
5 7/ g/ Nz L1\
Y,
LT

Puc.2. Uccnenyemas koncTpykuust CITY B pabodem MOI0KEHHUH.
1 - mnardopma; 2 - Gapadan; 3 - mynbT yrpaBieHus ;4 - anekTpudeckuii mkad; 5 - THIIK; 6 -I1-
oOpa3Hast BEIHOCHAs pama (cTperna); 7 - THAPOUMINHAPHL, § - KabeneyKIaaduk; 9 - MOTop-peayKTop;
10 - xanudac-610k; 11 - Hecymas pama; 12-rHapOCTaHINSL

PazpabarsiBaemoe CIIY nomkHO oOecrmeunmBaTh yJep)kaHWe KaOenb-Tpoca Ha
0e301acHOM PAaccTOSHUM OT OOpTa CyAHa B IPOLECCE CITyCKOIOIBbEMHBIX onepanuii. B
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naaHOW KommoHOBKe CIIY »T0 TpeboBanme obecnedmBaercs pasmepamu I1-oOpa3Hoit
CTpeJbl W YIJIOM €€ HAaKJIIOHAa Mo OTHomeHHIo K mamyde mpu BeiHOce THIIK 3a Gopt mo
Hadaja COOCTBEHHO CITyCKa.

MarepuaJjibl 1 MeTOAbI

Jnst penieHuss NOCTaBJICHHOM 3agayd KOHCTPYKTHBHOW ONTHMH3AaLUM HEOOXOAMMO
BBINIOJIHUTh aHAIN3 HaNpPsDKEHHO-Ze(OPMHUPOBAHHOTO COCTOSHMS paMbl B ee HauOolee
XYALEM CTOYKU 3PEHUs] HAarpy>XEeHHOCTU IMOJIOKEHUH. IIpu 3TOM MOKHO HCIONB30BaTh
YHHUBEpCAJbHBIE CUCTEMBI TPEXMEPHOTO MOJCTUPOBAHMSA IPU YCIOBUM HAIWYMA B HUX
BCTPOCHHOIO MOJIYJsl IPOYHOCTHOTO pacyera, Takue Kak, Hampumep, Kommac 3D,
SolidWorks w  np.  Croenuaiu3upoBaHHBIE  NPOTPAMMHBIE  CHCTEMbI KOHEYHO-
JJIEMEHTHOTO aHanu3a, Takue kak ANSYS, Taxke mMoryt OBITh McHONB30BaHbl. OmHAKO B
COBPEMEHHBIX pEATHAX BCE BO3PACTAIOIIETO CAHKIIMOHHOTO JaBJICHHS CO CTOPOHBI
3amagHbIX CTpaH NMPUMEHEHHE 3apyOeKHBIX CUCTEM 3aTPYIHEHO WIIM BOBCE HEBO3MOXKHO. K
CIIOBY CKa3aTh, CpPEAM OTECUCCTBCHHBIX pa3pabOTOK uMeeTcs psAj MNporpaMm Ui
aBTOMAaTH3MPOBAaHHOTO MIPOYHOCTHOTO pacdeTa. Tak B AaHHOI paboTe At pemieHus 3a1a4n
KOHCTPYKTUBHOIM ONTHUMH3AIMM BBHIHOCHOM pPaMbl MBI HCIIOJB30BAIN TPHIOKEHHE JUIA
npouHoctHoro pacueta AIIM FEM, unrterpuposanHoe B oredecTBeHHyI0 CAIIP Kommac
3D. BeiOop JaHHO¥ CHCTEMbI aBTOMATU3UPOBAHHOTO MPOCKTHPOBAHUS ObUT OOYCIIOBIICH €€
JOCTaTOYHO MIMPOKMM (DYHKIIMOHAIOM, B TOM YHCJIE ¥ B 00JIaCTH IPOYHOCTHOTO pacyera,
KaKk 3To ObUI0O HamH TokazaHo B pabotax [16,17]. B Kommac 3D mpousBoguioch
TpEXMEPHOE TBEPAOTEIbHOE MOJENUpOBaHue uccienyemoro obOwbekta, a AIIM FEM
BBINIOJHAJIOCH YHCIEHHOE MOJICIMPOBAHNE HAIPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS
BBIHOCHOH paMbl. 3a/1a4a penanach B CTaTHIECKOH ITOCTAaHOBKE.

[T-o6pasHas pama mpencTaBiseT co00H CBapHYIO KOHCTPYKIIHIO, COCTOSIIYIO M3 TPEX
0anok, MABYX NPOJONBHBIX M OXHOM momnepeyHoil. B meHTpe mnonepeunoit Oankn
IIpUCOeIMHEH KaHu(ac-0JI0K, uepe3 KOTOPbIH NpoxoauT Tpoc. K KoHITy Tpoca nprucoenHeH
THIIK, macca kotoporo paBHa 1200 kr. Bce peranu pambl BBIIOJHEHBI U3 cTainu Mapku 40.
B mcxoHON KOHCTPYKIIMM paMbl B KayecTBe 0ajoK OBUIM MPUHSATHI KBaJIpaTHBIE TPYOHI 1O
TI'OCT 8639-82, pazmepsl monepedHoro ceueHus: kotopsix 100x100, a TonmmHa CTEHOK 6
MM. [Ipu 3TOM rabapuTHbIe pa3Mepsl BBIHOCHOW paMbl OOYCIIOBIEHBI pa3MepaMH CaMoro
THIIK u He moiexaT H3MEHEHHIO.

KoHCcTpykTHBHYIO onTHMU3aIio OyaeM MpoBoauTh g pekuma noabema THIIK un
BBIHOCE ero 3a 6opt, Tak kak Bec THIIK Ha Bo3myxe 3HAUMTENBHO BBIIIE, Y€M B BOJIE.
JlaHHBIH peXUM HOCHT KPAaTKOBPEMEHHBII XapakKTep, B CBA3M C YeM JOCTATOYHO IOJIyYUTh
kod(dunueHT 3amaca He meHee 1,25. [Ipu 3TOM Macca paMbl He TOJKHA IpeBeImath 250 Kr.
B cBoro ouepens B mporecce BeiHOca THIIK 3a 6opT M3 BceX BO3MOXKHBIX TOJOKEHUH
BBIHOCHOH pambl HanOosiee )KeCTKHE YCIOBUS 110 Harpys3ke OyayT B ee KpailHeM HIDKHEM
TIOJIOKEHHUH, KOT/Ia pamMa MpHMeT pabodee mosokeHue 3a O6oprom cyaHa (40 rpamycoB K
MOBEPXHOCTH NanyObl). C 3TOro MOMEHTa, KOTJla HauHETCs CIYCK amrapara U 0 MOMEHTa
€ro BXOJ]a B BOZy, KOTJia y)K€ HaYHET JEHCTBOBATh BBHITAJIKMBAIOIIAS CHJIA, HA paMmy OyIyT
JeicTBoBaTh HamOombmme Harpy3kd. [lostomy anms Hac Hambojee MOKa3aTeNbHBIM II0
MIPOYHOCTH M HAAEKHOCTH OyJIeT MMEHHO 3TO COCTOSIHHE paMbl. Ecim B 3TOM pexume Oyaer
JOCTUTHYT TpeOyemblli Kod((UIMEHT HAJEKHOCTH, TO C YBEPEHHOCTBHIO MOXXHO OyaeT
YTBEpXKIATh, 9YTO B JPYTUX MOJOKECHUAX PaMbl KO(PGUIHEHT HAJACKHOCTH OYIET BBIIIE.

JAnst ynpoleHus mporecca MoJISTUPOBaHKs OBUIO C/IENaHO HECKOJIbKO jpomynieHuni. Tak
KaK OCHOBHOM 3ajjaueii sIBIseTCs OnpeelicHue HanpsokeHnid u aedopmanmii B [1-o0pa3Hoit
paMe, TO WMEET CMBIC]I HE MOJENMPOBaTh KaHU]Ac-OJ0K, O0OJaNaromMi JOCTATOYHO
CIIO)KHOM KOHCTPYKLHMEW, a 3aMEHHTh €ro NpOYIIMHOH, K KOTOpoW OyIeT NpucoeanHEeH
Tpoc. B kauecTBe BHemHel Harpy3ku ans pamel BeicTynmaer Bec THIIK mmroc macca
kaHH(pac-6J10Ka, KOTOpbIe IPH MOAEINPOBAHUH OBLIH 3aMEHEHBI KyOOM COOTBETCTBYIOILECH
Maccel. @UKcanus pambl MPOUCXOTUT IO OTBEPCTHSM, BBIIOJTHEHHBIM B HIDKHEH YacTH
MIPOAONBHBIX Oanok. HmkHME 0TBEpCTHS CITyKaT ISl KPEIUISHHSI paMbl K Taly0e, a BepXHUe
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— Q7 TPHCOSNUHECHHS TOKOB THUAPOUWIMHAPOB (cM. Pmc. 2). Tum peakumm —
3apuKCHpOBAHHBIN IIIAPHHP.

Pe3yJ1]>TaT]>l HCCIIeI0BaAaHUA

Ha Puc. 3 mnpuBeneHs! pe3ynbTaThl YHCICHHOTO MOJACIUPOBAHUS BHYTPEHHHX
HampsOKEHUH, BO3HUKAIOIIMX B MCXOAHON KOHCTPYKLUMH pPaMbl B KpaWHEM HIDKHEM
MOJIOKEHUH.
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Puc. 3. Hanpspxerns mo Musecy U1 HCXOAHOH KOHCTPYKIIMU pPaMbl

Jnst aHanmn3a HaOE)KHOCTH HCXOJHOM KOHCTPYKIMH Tarkke OBUIM OIpe/eIeHbI
BHYTpEHHHE JedopMannu OO0bEKTa W B KauyecTBE MENeBOH (YHKIMH - pacrpeielieHue
ko3(h¢unrenHTa 3amaca MPOYHOCTH MO KOHCTPYKIIMH OOBEKTa, TOKA3aHHOTO HAa PUCYHKE 4.
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Puc. 4. KoadpuumeHT 3anaca NpoYHOCTH JUIsl HCXOHOW KOHCTPYKIIMH PaMbl

Kak BuiHO U3 NMpHUBEICHHBIX BHIIE IpaUKOB IS NCXOJAHOW MOIETH PaMbl B KpaiHeM
MOJIOKEHUH KO3 PUIMEHT 3amaca MPOYHOCTH pambl cocraBmier 0,97, d9ro MeHee
Tpedbyemoro (1,25). CnegoBareiabHO, BO3HHKAET HEOOXOIUMOCTh ONTHMHU3AINUA €€
KOHCTpyKumH. [lo pesynpraTam pacdyera MOXXKHO YTBEpXKAaTh, YTO MaKCHMaJbHBIE
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HaNpsDKeHNS TIPOMCXOIST B IPOJOJBHBIX OalkaX B MECTaX KPEMJICHUS IITOKOB
THIPOIMIMHIAPOB (Ha PHUCYHKE 3 A3TH OOJIACTH OTMEUYEHB KpPAacHBIM IIBETOM), TZE B
OCHOBHOM JICWCTBYeT W3rHOaromuii MOMEHT. B To BpeMs Kak B TOIEpedHOi Oaike
HaNnpspKeHNS! MUHMMAIIBHBI, a 3HAYHT €€ KOHCTPYKIMS MOoA0OpaHa BEPHO M NabHEHIINX
U3MCHCHHH €€ pa3MepOB U KOH(DUTYpAIUU He TpeOyeTcs.

C nenbro MOBBILIICHUS 3amaca MPOYHOCTH PAMbl MOKHO YBEIHYHUTH TONIINHY CTCHKHU
TpyOBI IPOAOJIBHBIX OAJIOK, OCTaBUB BHELIHHE pa3Mepbl cedeHus Tpyosl B 100 mm. B xoze
Hamel paboThl MBI IPOBENN YUCICHHOE MOJICIUPOBAaHKE TIPH Pa3JIMYHbBIX TOJIINHAX CTEHKH
JUIL aHalM3a BJIMSHHUS JAHHOTO IapaMeTpa Ha INPOYHOCTHBIE XapaKTEPHCTUKU paMbl.
PesynbraThl pacdera HanpsHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHUS JUIS KBaJPAaTHOW TPYOBI
C TOJNIIUHOHN CTeHKU ais 7, 8 © 9 MM mpezacrTaBieHsl B Tabmure 1. B Tabmuiy BKITIOYEHBI
KpallHHE€ MaKCHMallbHble 3HAUeHWs N0 MOAENM Ml HanpsDkeHuWH, nedopmanmu wu
MUHIMaJIbHOE 3HaUCHHE KOd((HUIIeHTa 3amaca MPOYHOCTH.

[MomyueHHslii B pe3ynbpTaTe IIOCIECIOBATEIBHOTO YBEIMUYEHHS CTCHOK TPYOBI
ko3(¢punuent 3amaca 1,3 mpu TommmHe 9 MM SABISETCA BIOJHE NPHEMIIEMBIM, OJHAKO
JaHHas KOHCTPYKIMS PaMbl 3HAUNUTEIBHO YBEJIHMUUT CBOH BEC, YTO HEKEIATEIHFHO C yIETOM
3a[JaHHbIX KPUTEPHUEB ONTUMAIBHOCTH. llo3TOMYy myTh ONTUMM3aIMK KOHCTPYKIMH B
HaNpaBJCHUHM YBEIMUYCHMS TOJLIMHBL TPYObl MOXKHO CUMTaTh HELENecO0Opa3HbIM.
HpoaHaJ'II/BI/IpOBaB NOJIYYEHHBIC PE3YyJIbTaTbl CHUJIOBBIX Ppacy€TOB, MOXKHO 3aKJIOYUTb, YTO
3HAYUTEIHHBIN BKJIa[] B HAIIPsPKEHMA, BOSHUKAIOIIUE B paM€, BHOCUT I/ISFI/I63}OHIPII71 MOMCHT, H03TOMy
C LENpl0 JalbHEeHIIed ONTUMHU3AIMKM OBIJI0O PAaCCMOTPEHO emE OJHO KOHCTPYKTHBHOE
pellIeHUE: B KauecTBE MPOAOJIBLHBIX OAJIOK HUCIOJIB30BaTh TPYOBI MPSIMOYTOJIBHOIO CEYEHUS
mo 'OCT 8645-68, mpodwuis kotoporo pasmepom 120x40 mMm. UuCICHHBIE pe3yJbTaThI
NPOBEJCHHOTO  pacyera  HampsHKEHHO-Ie(OPMUPOBAHHOTO  COCTOSIHUSL — paMbl  JIs
MIPSIMOYTOJIBHON TPYOBI C TONIIMHON CTCHKH 8 MM TpuBeAeHBI B Tabmuiel. Tak kak Takas
KOHCTPYKIHUSI paMbl He oOecrmeumna TpeOyeMblii 3amac MPOYHOCTH, ObuIa Takxke
HCCIIeloOBaHa paMa ¢ MpsAMOYToJbHbIM cedeHneM 120x80 MM ¢ TOJIIMHON CTEHKH 8 MM U
Pe3yNbTaThl JAHHOTO pacuyéra Takxke NmpuBeneHsl Bradnunel. Criexyer oTMeTHTh, 94ToO OoJiee
JIOTUYHOE pEIIeHHE II0 YBEJIMYCHHIO TOJBKO TOJIIMHBI CTEHKH Ha IPEXHEM CEYECHUH
120x40 He peanu3yeMo B CWIIy OTCYTCTBUS TOJILMHBI 9 MM Ui Takoro CTaHAapTHOIO
npodmirsa. Kak BumHO u3 Tabmuubl 1, pamMa ¢ yBEJIMUEHHBIM MPSMOYTOJBHBIM CEYEHUEM
120x80 MM, C OJHON CTOPOHBI, YIOBJIETBOpsieT MO 3amacy mnpouHoctu (1,35), HO He
YAOBIETBOPSIET MO Macce (254 kr).

[Tomy4yeHHBIE pe3yIbTATHl MOKA3BIBAIOT, YTO M3MEHEHHE KOHCTPYKLHUH ITyTeM CMEHBI
¢dbopMbl  TIPOGHUIL TPOMOJIBHBIX OaIOK paMbl MOJOXKHUTEIBHOTO 3(h(dexra TaKKe He
okasbiBaeT. Tak pacueTHbIi K03((UIMEHT 3amaca MPOYHOCTH PaMbl C HPSMOYTOJIBHBIM
ceuenuem ke (0,89), yeM U1 KBampaTHOW TPyOBI TOH ke TOMmMHHBI cTeHKH (1,2), a
yBEJIMUYEHHE pa3Mepa NMpoduis BeleT K M3IHMIIHEH Macce pambl. M mosToMy Takoi IyTh
KOHCTPYKTHUBHOM ONTHMU3AIMN TAaK)KE TYIHKOBBIH.

B cBs3M C HECOCTOSTENBHOCTHIO BBIMICIPUBEJCHHBIX IPHEMOB KOHCTPYKTHBHOM
ONTHMHU3AIMK  OBIIO MPEIOKEHO el 0JHO KOHCTPYKTHBHOE pELICHHE: Ul YBEINYCHHS
KECTKOCTH TPOAONBHEIX 0ajlOK B TMOIEPEYHOM HANpPaBICHHH HA WX BEPXHHE W HIDKHHUE
IJIOCKOCTH ObUTH JT00aBIIEeHBI pedpa KECTKOCTH MPSIMOYTOJBHOTO IMOTEPEYHOrO CEUSHHUS.
[Tpu 3TOoM OBIITH B3ATH HadaJIbHBIE apaMeTpsl npodmis kBagpaTHoi Tpyosr 100x100 mm ¢
TOJIIMHOW CTeHKH B 6 MM. Ha mepBoM »Tame Oputa mpoaHaIM3HpPOBaHA KOHCTPYKLHUS C
pebpamu xectkocTu ¢ cedenneM 25x40 mm. Kak BunHO u3 Tabnuis! | qaHHAs KOHCTPYKIIUSA
pambl JaeT u30BITOUHbIN KodddummenT 3anaca npouHoctu (1,95) nmpu Macce, 3HAaYUTENHHO
NIPEBBIMIAIONICH MaKCHMalIbHYI0, TO3TOMY OBLIO NPHHSTO PELIEHHE YMEHBIINTH pasMep
ceueHus pebep xectkoctu Ha 20x40 mm. JlmiuHa pebep KECTKOCTH ObLIa HEM3MEHHOW U
orpezersiack 00JacThl0 3HAYNTENBHBIX HANPsDKEHUH 1o JutnHe Oanku. [IpoaHannsnpoBas
HOBBIE PE3YJbTAThl CHIOBBIX PacyeToB, IPUBEJICHHBIX B TaOnuIe 1, MOXKHO 3aKIIIOYNTh, YTO
JlaHHas KOHCTPYKuus [I-pambl SBISETCS ONTUMAJIBHONM C TOYKM 3PEHHMs 3araca MpOYHOCTH
(1,5) n Beca koHCTpyKIMH (232 Kr). Y1 neiicTBUTENHHO, NMPH TaKOM JK€ 3HAUYEHHH MAacCHI
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KBaJIpaTHOH paMbl C TONIIMHOW CTEHKH 8 MM B 236 Kr oHa JaeT Kod(duuueHT 3amaca
mpoyHocTH numb 1,2, Torga Kak pama Cc pebOpamMm JkecTKOcTH oOecreunBaeT 25%
YBEJIMYCHHUE 3amiaca POYHOCTH. BO3MOXKHO NanpHelee MOBBILICHUE 3amaca IPOYHOCTH 32
CUeT yBeNM4YeHHs rabapUTHBIX Pa3MEpoB pedpa IKECTKOCTH, OIHAKO 3TO IPHBENEeT K
YTSDKEJIEHHIO KOHCTPYKLIUH, YBEJIIMUCHHIO pacXoia MeTajula Ha €e M3TOTOBJICHHE U T.II., TO
€CTh Hellelecoo0pa3Ho.
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a) 6)
Puc. 5. Ceuenne npoduiis pamsl ¢ pedpaMu )KECTKOCTHU: a) U paclpeAeiIeHHIE 3anaca MPOYHOCTH IS
UTOTOBOW KOHCTPYKIIMU paMsbl: 0)
Tabnuya 1

Pe3yabTaThl pacyeTa NPOYHOCTHBIX H BECOBBIX XapAKTePUCTHK PaMbl IPH U3MEHEHUH ee
KOHCTPYKTHBHBIX TApaMeTPOB

Bnecenune u3mMeHeHU B KOHCTPYKIHUIO

M3meHeHne TOMIIUHBI Wzmenenne ¢hopmbl HobGasnenne
CTCHKHU npoduis TpyOsl Ha eoe
ITokazarenu o pod 124 o pebep
KBaJIpaTHOU TpyOBI HPSMOYTOJIBHBII KECTKOCTH, MM

100x100MM, MM

6,0 | 7,0 | 8,0 | 9,0 | 120x40x8 | 120x80x8 | 40x25 | 40x20

Hanpaxerns no Museey, | 57 | 538 | 14 | 197 | 296 205 15 | 137

MlIla
Buyrpennsis 10

nedopmarust 00beKTa, 9’ 9,7 | 87 | 8,0 12,04 9,36 3,05 4,89
x10*

Koaddumment 3amaca 09 | 1,1 | 1,2 | 13 0.89 1.35 1.92 1.50

MIPOYHOCTH 7 0 0 0
Macca pamsl, KT 188 | 212 | 236 | 259 197 254 260 232

Takum oOpa3om, Obula MpeMIOKEHAa METOAWKA BBITIOJHEHUS KOHCTPYKTHBHOM
ONTHMM3AITNH, OJIOK-CXeMa KOTOpPOH TMoka3aHa Ha pUcyHKe 6. B maHHOI MeToanKe MOKHO
BBIAICIIUTD CJIEAYIOLINE HTAIIbL:

1. IToctanoBKa 3324 KOHCTPYKTHBHOW ONITUMH3AIIHH.
2. BHecenne uaMeHeHUH B KOHCTPYKITHIO:
— yBEJIMYEHHE TOJIIMHBI CTEHKH TI0JION TPYOBI;
— u3MeHeHne Gopmbl POt TPYOBI;
— no0aBiieHHUE JTOTIOTHUTEIbHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB KECTKOCTH.
3. IIpoBepka ycloBUil ONTUMHU3AINN 1O KOI(PPHUIMEHTY IPOYHOCTH U MAcCe KOHCTPYKIHH.

Ha BTOpOM »3Tame mocienoBaTeNbHO PEANU3YHOTCS pa3IHuYHble MPUEMBbl W3MEHEHHS
KOHCTPYKIIMM B YKa3aHHOM IIPHOPUTETE, T.€. YBEIWYMBAIOT TOJIIWHY CTEHKH TPYOBI 10
3HAYMMOIO YBEJIMUYEHUS BECA KOHCTPYKUMHU. Eciau npu NOCTHKEHUH MAKCUMAJIBHOM MaccChl
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B 250 Kr, KOHCTPYKIUS HE MMOKa3ayia TpeOyeMblil ypoBeHb 3amaca mpouHocTH (6oisie 1,25)
- B 9TOM CIIy4ae He YAOBJIETBOPSIOTCS TpeOyeMble yCIOBUS ONTUMU3ALUH - TO IIEPEXOIAT K
ClIeyIoIEeMy IIPHEMY H3MEHEHUS KOHCTPYKLUH.

BbINO/HAETCA
MUcxopaHble AaHHble

Tun pambi CIY, F N I I M MpoBepka
ncxoaHas ' @ KOMNAC-3D e A Kputepus
KOHCTPYKLMA UsmeHeHHne Pacyer ONTUMaNbHOCTH
| KOHCTPYKLMM NPOYHOCTHBIX
XapaKTepUCTUK m < 250
MakcumanbHble YBennueHue {
ycnoeua TONLLUMHDI CTEHKM KoadduumeHnt k>1,2
HarpyyKeHus: sanaca
Bec annapaTa, I npouHocT (K),
HaK/IOH DaMbl.
o M3meHeHue | (™ Yonoene |
opMbl Npoduns
’ bop pod Hanpsaxenus BbINONHAETCA
I no Musecy
MNocraHoBKa sagayun I
onTMMMsaLMK: JononHutenbHble
3NeMeHTbI BHngeHHan Wrorosas
> YECTKOCTH edpopmauma
MaKc1ManbHbIi A Oﬁ'IE)EKTIg onTMmasbHas
3anac NPOYHOCTU { KOHCTPYKUMA
npU MUHUMaNbHOM pamsi CIMY
Bece KOHCTPYKLUK Macca pambl (m)

Puc. 6. Cxema mporecca onTUMU3aLUK KOHCTpYKIuK paMel CITY

[IpennosxeHHass METOAMKAa KOHCTPYKTUBHOM ONTUMH3AIMKU MOXET OBITh HCIIOJIb30BaHA
JUISL IFOOBIX METAJUIMYECKUX KOHCTPYKLHMH M3 MPOQUIBHBIX TPYO, AJIsl KOTOPBIX UMEETCs
CTaHAapTHBI HOMEHKIIATYPHBIN psJi Pa3IM4YHON TOJIIMHBI CTEHKH M (opmbl npoduiis
TpyOsl. [Ipm 3TOM oOmmcaHHas HaMH HpoLeaAypa KOHCTPYKTUBHOM ONTHMH3AIMU MOKET
OBITH peas30BaHa B JII000H MporpaMMe, UMeronel QyHKIHIO0 CTATHIECKOTO MPOYHOCTHOTO
pacueTa, KaKk HampuMep, BBINICyKa3aHHBIE cHCTeMBbl, Takue kak Kommac 3D, SolidWorks,
Inventor, ANSYS u np.

3akaouenue

B pesynprare nmanHOW pab®oThl OBUI HpOBeAeH 0030p OCHOBHBIX KOHCTPYKTHBHBIX
pEelLICHUN, NPUMEHSEMBIX B COBPEMEHHOH IIPAKTUKE CIIYCKOIOIBEMHBIX OIEpaluil Uit
MIOJIBOJIHBIX ~ aNllapaToB. bbUT BBHIMONHEH CPaBHUTENBHBIH aHAIW3 MPUMEHHMOCTH
pasnuuHbix CIIY k mocTaBieHHOMN 3a/jaue CIycKa M HMOABbEMa TeJISYNpaBIIsieMOro anmapara
Mmaccoii 1200 xr ¢ Oopta cyana. beur obocHoBan BbiOOp cymoBoro CIIY ¢ mapHHpHOI
paMoil M IpeUIoKEHAa €ro KOHCTPYKLUS, CoJepikalas BBIHOCHYIO pamy II-oOpasHoit
¢opmel. [l BEIHOCHOM paMbl, Kak HanOoJiee HarpyKeHHOTo aieMenTa KoHcTpykuuu CITY,
Obl1a cOpMyITHPOBaHA 331a4a KOHCTPYKTUBHOM ONTHMHU3AIMU U NIPE/I0KEHAa METO/IMKA €
BBHINOJHEHNS. B Xoze pelieHus 3agaud ONTHMH3alMN HaMH OBbLIO BBITIOJIHEHO YHCICHHOE
MOJIETIMPOBAaHNE HAIPSHKEHHO-1€(OPMUPOBAHHOTO COCTOSIHMS BBIHOCHOH pambl  JUIS
Pas3JIMuHBIX KOHCTPYKTHUBHBIX IapameTpoB. B pesynbrate Oblia JOCTHIHYTa ONTHMAlbHAs
KOHCTPYKIHUSI pambl, oOecrieunBaroniass MaKCHUMAaJIbHBIH KO3()(UIMEHT NpPOYHOCTH IIpH
MUHHMAaJIBHOI Macce KOHCTPYKIIHH.
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AHHOTAmMsl. AHaIM3 KMCTOYHHKOB W TPUHATHS Mep IO CHIKEHHIO IIyMa CYyJOBBIX
MEXaHMYECKUX YCTAaHOBOK YK€ IOCIE IIOCTPOWKH CyaHa Maiod((deKTHBHA, MOCKOJIBKY
MEpONPHITHSI Ha TOTOBOM CYJHE CBOJITCS,, B OCHOBHOM, K Pa3MEIIEHUIO JOMOIHUTEIHLHOTO
o0beMa cpeicTB BHOPO- M 3BYKOM3OJSIIMM M 3BYKOIOTJIOIICHHMS, HE KacasCh CHIDKCHHS
IyMa B HCTOYHHMKE. VX OCYIIECTBICHHE NPHBOIAMT K 3aJCpXKKE CPOKOB CIa4yd |
YIIOPOXKaHUIO HOCTPOIKU Cy/HA B LIEJOM. AHAIIM3 3aTPaT Ha paboThI [0 CHIKEHHUIO IIyMa Ha
cyZax 10 TpeOyeMbIX BEJIMYMH MOKa3bIBACT, YTO €CJIHM YAACTCS NMPUHATH BCE HEOOXOAUMBIC
Mephl ell¢ Ha CTaJuM NPOEKTHPOBAHHSA, TO 3aTpaThl Ha HPOTHUBOIIYMOBOH KOMILIEKC
COCTaBSIT TOJIBKO OJTHY TPETh OT CTOMMOCTH JOTOJHUTEIBHBIX MEPOIPHATHH 110 CHIDKEHUIO
IIyMa Ha y)Ke ITOCTPOSHHOM CyZAHe. BEIICHEHO, YTO MEpONpHATHS MO CHWKEHUIO IIyMa U
BUOpaIMM CyIOBBIX MEXaHM3MOB HamOoiee 3(QQEKTHBHH M AIKOHOMUYHBI, €CIH OHH
MIPUHATHl Ha CTaJUH MPOSKTHPOBAHMS SHEPTEeTHYECKOH YCTAaHOBKHU B IIpolecce pa3paboTKH
CXEMBbl CHJIOBOM YCTaHOBKH, BBIOOpa MEXaHH3MOB U NPEIBSBICHHH aKyCTHUECKHX
TpeOoBaHM K MOCTaBIIMKaM o0opynoBaHusa. OCHOBHOE BIMSHHE HAa YPOBHH BHOpaunuu U
IIlyMa MEXaHH3MOB OKa3bIBalOT pabo4uii mpolecc, KOHCTPYKLHS, TEXHOIOTHS H3TOTOBICHHUS,
pexuM paboThl. YcTaHOBIEH (akKT, 4To JUIs 00eCIICYeHHsI CAHUTAPHBIX HOPM IIIyMa Ha CyJax
HEOOXOIMMO MEePEUUCIICHHBIE MEPONIPHUSTHS 10 CHIKCHHIO LIyMa M BUOpALlMU B UCTOYHHKE
coYeTaTh C MPUMEHEHHEM CPEACTB BUOPOU30IIMN, BUOPOAeMII(HPOBAHHS, 3BYKOU3OJISILIUH
1 3BYKOTIOTJIOI[CHUS.

KiroueBble cjloBa: NPOEKTUPOBAHUE, CYJOBbIE MEXaHHUECKHE YCTAHOBKH, BUOPOAKyCTHKa,
BHOpO3ammTa, TpeboBaHNEe K OCHOBHBIM Y3J1aM YHEPrOYCTaHOBKH, YMEHBIICHHE ITyMHOCTH.

Consideration of vibroacoustic requirements in the design of
marine mechanical installations

Stanislav V. Terlych'?

ORCID: 0000-0002-6044-3087

'Kherson State Maritime Academy, Kherson, Russia;

2 Admiral Ushakov State Maritime University, Novorossiysk, Russia

Abstract: The analysis of sources and the adoption of measures to reduce the noise of
shipboard mechanical installations after the construction of the vessel is ineffective, since the
measures on the finished vessel are mainly reduced to the placement of additional vibration
and sound insulation and sound absorption equipment, without addressing noise reduction in
the source. Their implementation leads to a delay in delivery dates and an increase in the cost
of building the vessel as a whole. An analysis of the cost of noise reduction on ships to the
required values shows that if it is possible to take all necessary measures at the design stage,
then the cost of an anti-noise complex will amount to only one third of the cost of additional
noise reduction measures on an already built vessel. It has been found that measures to
reduce noise and vibration of shipboard mechanisms are most effective and economical if
they are adopted at the design stage of a power plant in the process of developing a power
plant scheme, selecting mechanisms and presenting acoustic requirements to equipment
suppliers. The vibration and noise levels of machinery are primarily influenced by the
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operating process, design, manufacturing technology, and operating mode. It has been
established that, to ensure sanitary noise standards on ships, the above-mentioned measures
to reduce noise and vibration at the source must be combined with the use of vibration
isolation, vibration damping, sound insulation, and sound absorption.

Keywords: design, marine mechanical installations, vibroacoustics, vibration protection,
requirements for the main power plant components, and noise reduction.

BBenenue

[lepcriekTHBBI CyJOCTPOEHHSI OOBIYHO CBS3BIBAIOT C MOBBIIIEHUEM 3(P(EKTHBHOCTH U
Ha/IeKHOCTH TPAHCIOPTHBIX CyHOB. B To ke Bpems, oHa U3 IJIaBHBIX 337ad B CO3JAaHUU
CyJIOB COCTOUT B OOECHEYCHWH MaKCHUMAJIBHBIX YHOOCTB Uil SKUIaXa, HauOOJBIIETO
KoMmdopTa AN MacCaKMpoB, M Ha 3Ty CTOPOHY INPOEKTHPOBAHUS KOHCTPYKTOpaM HaJo
oOparaTh caMoe NpUCTaIbHOE BHUMAaHUE.

OpnuM 13 HanOosee BaXKHBIX IOKaszarteneil komdopra siBisercss tumunHa. Llym u
BHOpalysl OKa3bIBAIOT BPEJHOEC BO3ACHCTBHE HA OpPraHbl ClIyXa W HEPBHYIO CHUCTEMY
yenoBeka. Ha cynmax akycTudeckas oOCTaHOBKa OCIIOXKHSAETCS TEM, YTO JIIOIH JUINTEIBHOE
BpEMSI HCTIBITHIBAIOT YKa3aHHOE BIIMSIHUE JTUCKOM(DOpPTA.

Cannrapusie npasmia CII 2.5.3650-20 "CaHuTapHO-3MTHIEMHOIOTHICCKIE TPEOOBAHMUS
K OTHAECNbHBIM BHAAM TpPaHCHOpPTa M OOBEKTaM TPAHCHOPTHOH HMHQPACTPYKTYpHI"
PETJIaMEHTHPYIOT TpEAeNbHbIC YPOBHH IIyMa B MAIIMHHBIX OTACNEHHAX, B XKWIBIX H
OOIIIECTBEHHBIX MOMEIIEHUAX CyAHa. [10CKONBbKY OCHOBHBIE MCTOYHHMKH IyMa CBS3aHBI C
paboToll CyNOBBIX MEXaHH3MOB M CHUCTEM, MEPOIPHATHS, HAIPaBJICHHbIE HAa CHUKCHUE
myma U BuOpauuu dHepretnuyeckoi ycranoBku (DY), HomkHBI oOecrie4MBaTh
yCTAaHOBJICHHBIE OTpaHUYCHUS ypoBHeH myma (45...60 nbA), B karoTax, cajloHax U JIPYTHx
MTOMEIIIEHUSX.

MeToabl u MaTepuaJibl HCCJIECT0BAHUA

HccnenoBanne ocoOEHHOCTEN NMPOSKTUPOBAHMS CYAOBBIX MEXaHHMYECKUX YCTAaHOBOK Ha
PaHHUX CTagusIX C YYETOM HOPMATHBHBIX M OTPAcieBBIX TpPeOOBaHWI NPOBOIMINCH
pacy€THO-TeopeTHUecKUM IyTéM. BpIsicHeHO, YTo Ha oOpa3oBaHMe IyMa W BUOpaluu
JM000T0 MEXaHM3Ma PacXOoyeTcsl 4acTh SHEPTUH, TIOIBEACHHOM K MEXaHU3MY.

[MpakThka aHanM3a UCTOYHUKOB M MPUHATHS MEp IO CHIDKCHHIO IIyma DY yxe mocie
MIOCTPOMKH cyAHA Malo3(h(EeKTHBHA, TOCKOJIBKY MEPOIIPUATHS Ha TOTOBOM CyTHE CBOJATCS,
B OCHOBHOM, K Pa3MEIICHHUIO AOMOJIHUTEIBHOIO 00beMa CPEACTB BUOPO- U 3BYKOU3OJIILIUN
1 3BYKOIOIJIONICHHSA, HE KacasiCh CHIDKEHHS IIymMa B HCTOUYHHKe. VX ocyiiecTBieHne
IIPUBOJUT K 3aJIepKKEe CPOKOB CHAYH M YIOPOKAHHIO IMOCTPOUKU CyJHA B LIEJIOM. AHANH3
3aTpaTr Ha paboTHI [0 CHIDKEHHIO IIyMa Ha CyAaxX TOProBoro (uioTa, TEXHUYECKOro (ioTa,
IIPOMBICIIOBBIX JIOOBIBAIOIIMX, MepepadaThIBAIONMX M TPAHCHOPTHO-pehpHUKEPaTOPHBIX
cydax a0 TpeOyeMbIXx BenWuYuH [1] mOKa3bIBaeT, 4YTO €CiIM YyAaeTcsl IIPHUHATH Bce
HEOOXOAMMBIE MEpHI ellle HA CTaJuM MPOEKTHPOBAHMSA, TO 3aTPaThl HA MIPOTHBOLIYMOBOH
KOMILIEKC COCTABST TOJNBKO OJHY TPETh OT CTOMMOCTH JOMOJHUTENBHBIX MEPOIPUATHUI 1O
CHIDKEHHIO 1ITyMa Ha YK€ IOCTPOEHHOM CYJHE.

[Tpn npoexTrpoBaHuu CynoBoH DY CHIKEHHE IIyMa BUOpalUM JIOCTHIAETCS TPEX/e
BCEro, YMCHBIICHHEM HHTEHCHBHOCTH OCHOBHBIX HCTOYHHKOB INyMa (MEXaHH3MBI,
apMaTypa, CHCTEMBI), a 3aTeM YK€ NMPHMEHEHHEM CPEACTB 3alIUTHl OT BHOPALMHU IIyMa,
MTOJIaBJICHUS MX Ha MyTAX pacipocTpaneHus. Hmke paccMaTpuBaroTCst BO3MOKHOCTH U Iy TH
CHIDKEHHSI BHOpaIMy ¥ IIyMa MEXaHW3MOB M 000pyIOBaHUSA CYAOBEIX DY B HCTOYHHKE.

Ecmu cumraTh, 94TO 3HEPrHs, MOABEACHHAS K MEXaHU3MY 3a €IWHHUIy BPEMEHH paBHA

N .
q= f (roe Ne — >pdexTrBHAS MOIIHOCTH MEXaHNU3MA, a 1| — 3G PEKTHBHBIA K03 duiineHT

v 1_
MOJIE3HOTO JEUCTBHsA), TO OOILIME MOTEPH 3HEpruu BeIpaszsrcs kak (1 —n)q = T“Ne, a

9HEprus, KOTOpas pacXOoAyeTcsl Ha aKyCTHYeCKoe W3Iy4eHHs (TeHepHUpOBaHHME IIymMa M
BUOpALMK), COCTABUT YacTh ITHX MIOTEPh
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Wk (1)
n

rae k — J1oJsl MoTeph DHEPrHH, pealudyeMas B BHJIC LiyMa M BUOpanuu. Bemmumna
SHEpruH, UIyLIeld Ha TeHEepUpOBaHUE BHOpAlMU M IIyMa, 3aBUCHT IPEKAE BCETO OT THUIIA
MexaHn3Ma. Ha puc. 1 TOKa3aHbl CIEKTpajJbHbIE XapaKTEPUCTUKU HU3ITydaeMou
KoJieOaTebHONW MOITHOCTH ISl MEXaHWYECKUX YCTAaHOBOK (CyJOBOTO JTU3ENs, PeAyKTOpa U
CyZIOBOTO TPEOHOTO JIEKTPOIBUTATEIS) PA3IMIHOTO THIIA [2].

bonpnioe BiusHWE Ha BEIMYHMHY H3ITy4aeMOH KOJIeOATENbHOW MOLIHOCTH OKa3bIBAIOT
TaKoKe KOHCTPYKLMS MEXaHWYECKOH YCTAaHOBKH, KayecTBO €€ W3TOTOBICHUS H PEKHM
UCIIONB30BAHHSI.

W, Bt

103 \/\\ A L

10 /\

N A

0,001 \

/3

\é\
10 10? 10° ST

Puc. 1. CnekrporpamMma koseb6aTeTbHON MOITHOCTH MEXaHU3MOB C Pa3IMIHBIMU PaOOYNMHU
nporeccaMmu (PUCYHOK aBTOpa)
1 — cynoBoii au3enp; 2 — CyJOBOH PEAYKTOP; 3 — AIEKTPOIBUTATED

Koaddrmument k B 3aBucumoctH (1) pakTrdeckn oToOpa)xkacT BIUSHHE BCEX OCHOBHBIX
(haKTOpOB M MOKET OBITH MPEJCTaBIICH KaK

k = kpa6 mp kKOHCTp " Kerexu * kpe)xi @)
7€ Kpag nps Kxoncrps Krexur Kpexw — COOTBETCTBEHHO KO3(D(HUUMEHTHI BIMAHUSA PabOYEro
nporecca, KOHCTPYKIINH, TEXHOJIOTHH TIPOU3BO/ICTBA U peXUMa pabOTHI.

W3 Beipakennit (1) u (2) ciexyer, 4To Al CHUOKEHHS BHOpaly U myma cyaoBoi DY
HEOOX0MMO Ha PaHHMX CTA/IUSX NMPOEKTUPOBAHUS CTPEMUTHCS K TOMY, YTOOBI MOIIBHOCTD
Ka)XXJJOr0 MEeXaHW3Ma BblOMpalach MHHUMaJbHOW M 0e€3 JHMIIHMX 3amacoB N, C IIEJbIO
paboThl MEXaHM3MOB Ha pacyéTHOM pexuMe (MMeNd HauMeHbIIee 3HAuYeHHEe Kpex U
HauOouplllee 3HAYEHHE 1)), Ul TOrO, YTOOBI KAKABIM MEXaHU3M HMEJ MAaJOUIyMHBIN
pabouuii npouecc (HaMMEHbUIEE Kpagpp), PALMOHANBHYKO KOHCTPYKIHMIO (HAUMEHbIIEE
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kioucrp) ¥ OBUT H3rOTOBIEH Ha MPEANPUATHM C BBICOKUM YPOBHEM TEXHOJIOTUH
(HanMeHbLIee Kooy ).

3aBucuMocTh K03 duIerTa k 0T OCHOBHBIX KOHCTPYKTHUBHBIX, TEXHOJIOTHYECKUX H
SHEPreTHYECKHX [IapaMeTPOB MOXKET OBITh OIpe/eeHa aHAIUTHISCKH, TO B JaHHOM CIIydae
YCJIOBHOE MPEICTABICHUE €r0 B BHAE NPOU3BEICHUS OTHEIBHBIX (AaKTOpoB Hambosee
HarisiqHO OTpakaeT (haKTHYECKYI0 B3aUMOCBSA3b M IOCIEIOBATEIBHOS BIUSHUE KaIOH
CTaAuM IIpollecca HA aKYCTHYSCKHE XapaKTepPUCTUKH. Pe3ynbTaTel HCCIeTOBaHHA
NIPE/ICTABIICHBI B OTHOCUTEIBHOM BHUJIE, TO €CTh 3HAYCHUS MCCIIEAYEMBIX ITapaMeTpoB IIyMa
u BUOpaluM, BbI3BaHHBIE pAaOOTON CyNOBBIX MEXaHHUYECKHX YCTaHOBOK, OTHOCHWIINCH K
BEJIMYMHE COOTBETCTBYIOIETO MapaMeTpa JUlsi HOMUHAJIbHOW HArPy3KH COOTBETCTBYIOIETO
MexaHu3Ma. CpaBHeHHE BUOPOXapaKTEPUCTUK MEXAaHUYECKUX YCTAHOBOK MPOBOIMIIUCE IS
LITaTHOTO BaphaHTa pPa3pabOTKH CXEMbl CHJIOBOM YCTAaHOBKH, BBIOOpa MEXaHH3MOB H
NPEABSIBICHUN aKyCTUUECKUX TPEOOBAaHUIT K IOCTaBIIMKaM 000pY/I0BaHUsL.

Pe3yabTaTsl

Pabounii mpomecc MexaHHW3Ma HEMOCPEICTBCHHO OIPENeNsieT ero IIyMooOpa3oBaHHE.
UeM MeHbIIIe AHHAMHYHOCTH TIPOLiecca (BBIPAKAIOIIAsCS B CKOPOCTH HapacTaHHs HATPY3KH
B TE€UCHHE PabOoyero IMKIA), 9eM MCHBIIE ABIKYIIHMXCS Y3JIOB M JeTainedl TpeOyeTcs It
JEHCTBUST MEXaHWYIECKOH YCTaHOBKH, TEM HIDKE OXKHIaeMBbIe YPOBHH IIyMa, W BHOpamuu
MamHel. Tak, NpUMEHEHHEe B IMOPINHEBBIX JABUTaTesx IMkia CTUpIMHra, WMEIOLIETo
IUTaBHBIM XapakTep HapacTaHHUs MaBJICHUS B LIIMHApE (pHC. 2, a), TO3BOJIAET MOIYyYUThH
uIyMm u BuOpaumio, Ha 17...28 nb Huke, yeM y Au3ens aHanoruuHoi MourHocty [3]. Ha puc.
2, 0 moKa3aHbl CIEKTPHl YPOBHEH LIymMa W BUOpAIMM YETHIPEXIMIHMHIPOBOTO JBHUIATEIs
Crupaunra 4-615 (IllBeuus) mourHocTh0 160 kBT mpu dactore Bpamierus 2400 o6/Mun
KOJICHYaTOrO Bajla B COMOCTABICHUHU C XapaKTEPUCTHKAaMH OBICTPOXOJHOTO JU3EIsl TOH ke
MOIITHOCTH.
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1 — muzensb; 2 — nuratens CTUpIHHTA
Puc. 2. CpaBHeHHE XapaKTePHUCTHK au3els u Apurartens CTHpIuHra (PUCYHOK aBTOpPa)

[lo Tem >xe MpUYMHAM POTOPHBIC MAIIUHBEI BCETJa MMCIOT JIYYIIHE BHOPOIIYMOBBIC
XapaKTePUCTUKU IO CPABHEHHIO C MOPIIHEBBIMU MalmuHamu. [loaToMy mpeanoyTurenbHee
B PaBHBIX YCJIOBHUSX HCIOJNB30BaTh B CyA0BOW DY IEHTPOOEKHBIC, HACOCH, BHHTOBBIC
KOMITIPECCOPBI BMECTO MOPIIHEBBIX MEXAHU3MOB TOT'O K€ Ha3HAUEHHUS.

3apyOexHbpIMH  (QUpPMaMHU BeIyTCs pa3pabOTKH OOOpPYMOBAHUA C «OECITYMHBIMY
pabounm mporieccoM. B gacTHoCcTH, poccuiickoit pupmoit «OcMocy paspabdotansl [4] u
CEPHUIHO BBIMTYCKAIOTCSI CYJIOBBIE OMPECHUTENIbHBIE YCTAHOBKH, JICUCTBYIOIINE HA TIPUHITUTIC
obpaTHOTO oOcMoOca, TIE OIPECHAETCS MOpCKas BOJa, IPOKAYWBaeMasl I0Jl BBICOKHM
JABJICHWEM 4Yepe3 CleluuajbHble CHupaibHble MeMOpaHbl.  [IpOM3BOAUTENHHOCTH
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CTaHAapPTHOTO psfa ycTaHoBOK — oT 0,5 mo 450 m® B cyrkn. OCHOBHBIMHM HCTOYHHKAMH
IIyMa B TaKMX YCTAHOBKAaxX SBJISIFOTCS Hacochl. [1o CpaBHEHHIO ¢ TpaJULMOHHON CXeMOil
ONIPECHUTENBHON YCTAaHOBKM (TZI€ TJIaBHBIE MWCTOYHHKH IIyMa IOMHMO HAacOCOB —
HCTIApUTETb U APOCCETbHAs apMaTypa), HOBBIN €€ THI JOIDKEH UMETh 3HAUUTEIHHO JTydIIHe
aKyCTUYECKHEe XapaKTePUCTUKU.

Konecmpyxyua  obopydosanus  oxaszpiBaeT  OOnbIIOe  BIMSHHE HAa  IIyMOBBIC
XapaKkTepUCTUKU. KOHCTPYKTUBHBIMU METOJaMH MOKHO CHU3HUTH JWHAMHUYHOCTH pabouero
mpolecca U B MalllMHaX TPAAMIUOHHBIX TUIOB. Tak 3a cUeT NMPUMEHEHHs KOCOTO sI3bIKa
YIUTKU B IIEHTPOOEKHBIX HACOCaX, KOCBIX Ma30B B AJIEKTPHUECKUX MAIIMHAX yJIACTCS PE3KO
YMEHBLIUTh WX BHOPAIMIO COOTBETCTBEHHO Ha JIOMACTHOW M mMa3oBoil wacrorax. Ilpum
HEM3MEHHOM pa0o4yeM IIpolecceé W OJHMX M TeX XKE SHEPreTHYEeCKHUX IapaMeTpax
pa3IuYHbIe KOHCTPYKINY MEXaHN3MOB 3HAUYUTEIBHO OTJIMYAIOTCS 110 YPOBHSM HIyMa.

B cratbe paccMOTpeHO BIHMAHHE KOHCTPYKIMH Ha IPHMEpPE 3alOPHOW M JPOCCETBHO-
perynupyromei apmarypsl. TpaJuIliOHHBIE KJamaHbl (THIIA CEAJI0 — TapeiKka) SBISIOTCS
WHTEHCHBHBIMH MCTOYHHKaMH IIIyMa, ¥ BUOPALMH B CyJOBBIX TPYyOOIPOBOAHBIX CHCTEMAX,
O0COOCHHO TIPH BBICOKHX CKOPOCTSIX TEUYEHHS Cpenbl, OONBIIMX Iepenagax MaBICHUS.
[IpuHIMIHATBHO OTIMYAOIIAACA OT HHUX KOHCTPYKIMS INapoOBBIX KiamaHoB (puc. 3)
MO3BOJISIET 00eCIeYnTh 3HAUYUTEIHHO JIydlllMe aKyCTHYeCKHe XapaKTepUCTUKH B mapoBbIX
KJIaTlaHaX, UCTIONb3YEMBIX B KauecTBe 3alopHBIX (pHc. 3, a), obecrieunBaeTcs MUHUMAIbHOE
HCKaXKEHUE TIOTOKA (B MOJHOCTHIO OTKPHITOM IMOJI0XKEHUH KJIallaHa MPOTOYHAs YacTh €ro M0
TUIPABIMYECKHMM M aKyCTHYECKMM XapaKTEPHUCTHKAM DKBHUBAJICHTHA IIPSAMOMY .y4acTKY
TpyOsI). [Ipn IpUMEHEHNH MIApOBBIX KIIAAHOB B KaueCTBE APOCCENBHO-PEryIHPYIONINX B
MPOTOYHOM 4YacTH KJalaHa pa3MemamT NepOpUpOBAHHBIE IIEPErOPOIKH, KOTOpHIC
o0ecreunBarOT MHOTOKPATHOE APOCCENHPOBAHME MOTOKA NMPHU €ro YaCTHIHOM 3aKPBITHH
(puc. 3, 6).

a) 3aIIOpHBIN KJ1anaH 0) IpoccenbHO-PeTyIUpPYIOMIUH B) IPOCCENBHO-PETYIUP YOI
KJIanaH KJIaMaH C JOTOIHUTENbHBIM
CONPOTHBJIEHHEM IPHMAIIBIX
pacxozax

Puc. 3. Koncrpykius mapoBsix kianaHoB ¢pupmbel Valmet (pUCYHOK aBTOpa)

Bo m30exaHne MosIBIICHUSI KABUTAIIMK TPU OYEHB MaJbIX PACXOAaX U YCHIICHHS IpPH
9TOM BHOpallMd H IIyMa B KJallaHe, KOHCTPYKTHBHO 00eCHeyuBacTCs BS3KOCTHOE
JIpoCCeNMpoOBaHme NP MPOTEKAHUH CPEJbl Yepe3 y3kue kanansl (puc. 3, B). [IpuBeneHHbIE
KOHCTPYKIIMH KJIaIlaHa BBIMYCKAIOTCS 3apyOEKHBIMU (UPMaMH KaK JJIs KUIKUX, TaK U JJIS
ra3oobpasueix cpen. OHM TO3BOJISIIOT TOIYYHTH apMaTypy C MEHBIIMMH YPOBHSAMH
Bn6pau1/m, a Kpome TOTO, CcO 3HAYUTCIIbHBIM CHM>XXCHUEM BO3AYIIHOTO u
TUAPOJUHAMUYECKOTO 1IyMa B CYZIOBOM CHCTEME.

JloTonHUTEIPHOE  CHIDKEHHE IlIyMa [IapOBBIX KIamaHoB  ¢upMbl  «Valmet»
(OunnsHANS), W300paXKEHHBIX HA pUC. 3, B, MO0 CPaBHEHHUIO C pHUC. 3, a IOKa3aHO Ia
puc. 4 [5].

Texnonocuueckas Kyabmypa npou3so0cmea TaKXKe OKa3blBaeT OOJbLIOE BIMSHHE Ha
BHOpAIMI0 U IIYM CYJOBBIX MEXaHHW3MOB. [IpexkIie BCEro 3TO OTHOCHTCA K TOYHOCTH
00paboTku pabouux opraHoB (JIOIMACTH HACOCOB U BEHTHJIATOPOB), CONPSATAEMBIX JCTalei
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(kmHEMaTHUecKas Tapa IIeiika Bama — NOALIMIHMK, 3y0dUaToe 3alleluIeHHEe, 3a30pbl B
JPOCCENBHO-PETYIUPYIONINX YCTPOUCTBAX) M K OaTaHCUPOBKE POTOPHBIX MEXaHN3MOB.

B mpakTHkKe MHPOBOTO CyJOBOTO MAIIMHOCTPOSHMS IPHHATA KAadueCTBEHHAs OIICHKA
BHOPOAKTHBHOCTH MEXaHM3Ma 10 KJaccaM, OTIMYAIOMIMMCS 10 YPOBHSIM BHOpAIIMOHHON
ckopoctu Ha 6 nb, T. e. B 2 paza [6-8]. IIpu xopoimiell TOYHOCTH H3TOTOBJICHUS U
OaaHCHPOBKE MEXaHW3M OTJIMYAeTCS  «MSTKOW»  paboToi, 4YTO COOTBETCTBYET
BuOpaumoHHo# ckopoctu 0,25...0,5 mMm/c. OTiIMuHBIE aKyCTHYECKHE KaueCTBa MAIWHBI
Ha0JII0at0TCsl ITPpU BUOpalMOHHOHK ckopocTtH MenbIie 0,25 mm/c [9-11].

B wuccnenoBaHnM oneHeHa HeoOXoanWMas TOYHOCTH OOpaOOTKH Y3JI0OB MallMHBI Ha
IpUMepe HEKPYIJIOCTH (AJUIMIICHOCTh, OBAJILHOCTH) INEHKH POTOpa, KOTOpasi BBI3BIBACT
BUOpAaLMI0 HA YABOCHHOH 4YacTOTE BPALICHUS Nyoy. ECIM OTKIOHEHHE B TOYHOCTH
00paboTKy meHKH (Pa3HOCTh MEXKAY OOJBIION M MaJIOW OCSIMH AIUINIICA) COCTABIIET A, TO
aMIUTATYZAa BUOPAIIMOHHON CKOPOCTH, COOOIaeMast OAIIUITHUKY, paBHa

202 =2(227) 2 = A
y=2m—= nf )—=nfA,
4 4

OTKyJa

10

20

50 100

OTkpbITHE KJ1anaHa, %o

Puc. 4. CHkeHHE THAPOANHAMHUYECKOTO IIyMa KiiamaHa (puc. 3, B) M0 CPaBHEHHIO C
OOBIYHBIM IIAPOBBIM KJIaaHOM (pHC. 3, a) (PUCYHOK aBTOpa)

IIpu gacrote Bpamenus poropa 50 I'm s obecrieueHuss «MATKOM» paOOTHI MAIIUHBI
OTKJIOHEHHE B JHaMeTpe IMmehkn He MoinkHO mpeBbrmath 0,0016 MM, T. e. oOpaboTka
JOJI’KHA BECTUCH HAa CTAaHKAaX BBICHINX KJIACCOB TOYHOCTH.

Bce BeimenepeunciieHHble  (AKTOPBl  YYUTBHIBAIOTCS TPU  IPOCKTHPOBAHHHM U
M3TOTOBJICHHH MAIIMH JIs OOCCIICYCHHs CAaHUTAPHBIX HOPM N0 MIYMy M BHOpaluu B
CYIOBBIX TOMEILEHUSX.

Pesicum pabomoer cyoosoeo mexanuzma, OoupenelsieMbIil, BO MHOTOM, YK€ Ha CTaJduU
MIPOEKTHPOBaHUsT DY, SBISETCS OYCHb BAXKHBIM (DAaKTOpOM, BIHSAIONMM Ha (HaKTUUICCKUE
YPOBHH IIyMa U BUOpALUU.
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IIpu oTkIOHEHHH pexuMma paboThl MEXaHHW3Ma OT HOMHUHAJIBHOTO W3MEHEHHE IIyMa U
BHOpAINH OTIpeieNsIeTcs B 00IeM Bre Kak

N n
AL=L-L,,, =allgN +a,lg R

HOM n

HOM

rne L, Luom — ypoBHU BuOparmu (uryma); N, Npom — MOIIHOCTh MEXaHH3Ma Ha
TEKyIllEeM W HOMHUHAJIBHOM YPOBHE COOTBETCTBEHHO; 7, MpoM — 4YacToTa BpalleHUs
MEXaHHW3Ma Ha TEKyUIeM W HOMHUHAJIbHOM pPEXHME COOTBETCTBEHHO; di U a2 —
ko3 dunueHThl. [Ji1 KOHKPETHBIX THIIOB MEXaHM3MOB (HACOCOB, BEHTHJISTOPOB) B

3aBUCHMOCTH OT OCHOBHBIX HEPTETHIECKUX ITAPaMETPOB 3Ta BENMYKHA OyAeT paBHa

0 H n
AL =alg +a, +a, ;
HOM HOM nHOM

rae Q u H nogada u Hanop Hacoca (BEHTHIIATOPA).

OtHocuTenbHas BelMunuHa KOAPQUIMEHTOB a1, a2, @3 MOXKET CHIILHO BJIMATH Ha BBIOOP
ONTHMAIBHOTO cloco0a pPErylupoBaHUs peKUMa paboThl MeXaHM3Ma C  y4eTOM
aKyCTUYECKHX NapaMeTpOB.

B kauecTBe mnpuMepa paccMOTPEHBI CHOCOOBI pEryJUpoBaHHs II0Ja4d Hacoca
3a0OPTHOI BOABI B 3aBHCUMOCTH OT €€ TemIieparypbl. [Ipu miaBaHuU CyJHA B XOJIOJTHBIX
BOJAX JUIA CHIDKCHMs IOJIaud Hacoca B CHUCTEME OXJIaKICHHS HYXKHO JINOO MPUKPBITH
KJIarmaH Ha TpyOompoBone (M3MEHHTH XapaKTEPUCTHKY CETH), JMOO YMEHBIINUTH YacTOTY
BpalleHHsI HAacoca IMPU IOCTOSHHOW XapakTephcTHKe ceTH. COOTBETCTBYIOIIME PEKHMBI
JTaHbl Ha Tpaduke pacXoAHON XapaKTEpHCTHKH Hacoca (pHuC. 5, B).

[Ipu pabote Hacoca co CHIDKEHHOM IMogavueil 1 HEM3MEHHON YacTOTOW BpameHHs (TOUKa
2) ypoBHM BHOpanuH YyBEIMYHMBAIOTCS NPONOPLUHUOHAIBHO TPEThEH CTENCHNW BEIMIHHBI
OTKJIOHEHUsI TOJaYd OT HOMHHAJIbHOW. [IpM yMEHBIIEHMHM MOJa4M Hacoca 3a CYeT
peryjiMpoBaHUsl 4YacTOThl BpalleHus (Touka 3) ypoBHM BHOpaunuu ¥ IIyMa YOBIBaIOT
MPOTOPIMOHANBHO KBaJpaTy 4acTOThl BpaiieHus. Takum o0pa3oM, pasHHUIA B YPOBHSIX
BHOpAIMHK U IIIyMa HACOCA MPH Pa3IMYHBIX CIIOCO0AX PEryIHMPOBAHUS YXKe MPH moaade 75—
80% ot HoMHHAaNBHOM cocTaBuT §...10 ab (puc. 5, 6).

H,
i H=f(0)  AL. b
H =f1(Q}J T~
2 6 -
2
1 f—
5. 100 Q 06
] HOM
-0 -
[0] Ouont 0
a) HAIIOPHO-PacXoHAasA XapaKTepHCTHEA 0) nzMeHeHIe BIOpanun Hacoca (L-Q)

Hacoca (H-0);

Puc. 5. VI3MeHeHne apaMeTpoB Cy0BOTO LIEHTPOOSKHOTO HacOca IPH Pa3IniHbIX Crocobax
perynupoBaHus (PUCYHOK aBTOpa)
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O0cyxneHue pe3ybTaToB

Pabota cymoBbIX MEXaHM3MOB Ha HeCHEIN(HUKANMOHHOM PEKHME, OTIMYAIOMIEMCS OT
HOMHUHAJIBHOTO II0 TETJIOBOW HArpy3Ke M 9YacTOTE BpAICHMS, KaK IIPaBHJIO, CBS3aHA C
MIOBBILIEHUEM MEXaHM4YeCKOW BHOpanmu. OTO OOBACHIETCS TE€M, YTO NMPH JHHAMHYECKOM
OajaHCHPOBKE MeEXaHHW3Ma KOPPEKTHPYIOIIUE Tpy3bl YCTAHABIMBAIOT OOBIYHO B JBYX
IUIOCKOCTSIX, YpPaBHOBELIMBAasi IMPHU 3TOM CIIOKHYIO IPOCTPAHCTBEHHYIO CHCTEMY CHII,
MOPOXKIAEMYI0 aHU30TPOITHOCTHIO TUIOTHOCTH MaTepuaja U KECTKOCTH KOHCTPYKILHH, a
TaK)Ke HETOYHOCTHIO U3TOTOBIICHUSI.

[Ipn n3MeHeHUM Harpy3KH M COOTBETCTBEHHO TEIJIOBOIO PEKMMa MPOCTPAHCTBEHHAS
CHCTEMa CHJI U3MCHSACTCS, MEHSISI 3HAUEHHE M HAIIPaBICHUE PE3YNIbTHPYIOIIETO BEKTOPA CHII,
a BEIMYMHA M MECTO YCTaHOBKH IPY30B OCTAalOTCS HEM3MEHHBIMH, COOTBETCTBYIOIINMH
TOMY PEeXHMY, Ha KOTOPOM HpOBOJMIachk OarmaHcHupoBKa. Ha puc. 6 mpuBeneHsl rpaduku
TUIIOBOTO HM3MEHEHHUS BHOpAallMM MEXaHM3Ma Ha 4YacTOTe BpAMICHUS B 3aBHCHMOCTH OT
Harpy3kd HpH pa3IMYHBIX peXHMax OamaHCHPOBKU. s IOCTIDKEHHS ONTHMANbHBIX
AKyCTUYECKUX XapaKTePHCTUK Cya0oBOoW DY HE0OXOIMMO Ha CTaJUU MPOCKTHPOBAHUS B
TEXHUYCCKUX 3aJaHUAX Ha T[MPOCKTUPOBAHUEC MEXAHU3MOB I[MOMHUMO OrpaHUYCHUA
MaKCHMaJIbHBIX YpPOBHEil BHOpalMM ¥ IIyMa ONpPEIESATh PEXUM OallaHCHPOBKU H
AKyCTHYECKOW HACTPOWKHM MaIINHbI, B KAU€CTBE KOTOPOTO eJIecO00pa3HO BEIOHPATh PEXUM
JUIMTEIbHOM SKCIUTyaTalluy.
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| /
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~1 2?7Z
AN // <
/

0 50 100

N (

Nyom

1 — GanmancupoBka nmpoBeneHa npu Harpyske Ne = 100%; 2 — 1o xe npu Ne = 50%;
3 — 10 xe mpu Ne = 20%.

Puc. 6. Xapaktep H3MEHEHHS BUOPAIIMK CyI0BOI0 MEXaHW3Ma Ha 4aCTOTE BPAILCHHS B 3aBUCUMOCTH
OT Harpy3Kk# (PHCYHOK aBTOpa)

3akaouenue

1. MeponpusTus IO CHIDKEHHIO IIyMa U BUOpauy CyJOBBIX MEXaHM3MOB Hamboiee
S5p(QEeKTUBHBI ¥ HSKOHOMHYHBI, €CIM OHM MPUHATHI HA CTAJAUM TMPOSKTHPOBAHUS
SHEPreTUYECKON YCTAHOBKH B IMpOIECCEe Pa3pabOTKH CXEeMbl CHIOBOW YCTaHOBKH,
BBIOOpPa MEXaHW3MOB U MPEIbSBICHHH aKyCTHYECKUX TPEOOBAHUMA K MOCTABIIMKAM
000pyI0BaHUS.
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2. OCHOBHOE BIMSHHE Ha YPOBHH BHOpAli M IIyMa MEXaHH3MOB OKa3bIBAIOT
paboumii mporuece, KOHCTPYKUKS, TEXHOIOTHS H3TOTOBJICHHS, PEKUM PaOOTHL

3. Ina oOecrmedeHnsi CaHWUTAPHBIX HOPM IIymMa Ha CyJax HEo0XOAUMO
HePEYHCIICHHBIE MEPOIIPUSATHS 110 CHIDKSHUIO ITyMa U BUOPAIlMU B UCTOYHUKE COYETATh
C IPUMEHEHHEM CPEACTB BHOPOM3OIISIMK, BHOPOJEMI(HUPOBAHHUS, 3BYKOM3OJSIUA U
3BYKOIIOTJIOIICHHS.
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AHHOTanus. 3a Goiee 4eM BEKOBYIO HCTOPHIO Pa3BUTUS CYJOB C adpOJHHAMHYECKUM
TIOJIJIep>)KaHNUEM TTOSIBUJIOCH MHOXKECTBO Pa3IMYHBIX apXUTEKTYPHO-KOHCTPYKTUBHBIX THIIOB:
OT TIIMCCUPYIOIINX CYIOB Ha Bo3xylnrHo# moxaymke (CBII) mo TspKenbIX SKpaHOILIAaHOB U
CYJIOB, COYETAIOLIMX SKPAHHOE KPBUJIO C BO3AYHIHOM MOXymKod. OIHUM U3 KIIOYEBBIX
MIPEUMYIIECTB HCIIOJIb30BaHUS a3POANHAMUYECKOTO MOAIEPIKAHUS SBISIETCS BO3MOXHOCTD
obecrieueHust aM(UOMITHOCTH, TO €CTh IOBIDKCHHS CyAHAa M HaJ BOJAOW, M HaJ TBEPAOH
MOBEPXHOCTHI0. TeHIEeHIN KOMOWHAIMY IIPUHIIUIIOB JBIDKCHUS] Ha BO3AYLIHON MOTYIIKE C
HCTIONb30BAHMEM MOJIOKHUTEIBHOTO BIMSHUS SKpaHHOTO 3(@deKTa Moaydusna akTUBHOE
pa3BHUTHE B IIOCIEAHUE JCCATHICTHS M CBA3aHA OHA, ITaBHBIM 00pa3oM, CO CTpeMIIEHHEM
JOCTUYB BBICOKOH CKOPOCTH KPEeHCepCKOTo JBIKEHHS M IPY30II0IbEMHOCTH IIPH YMEPEHHOM
9HEProBOOPY)KEHHOCTH. IIpobiema  KiacCHpHKAMU CyIOB C  adpOJUHAMHYECKUM
MOJJIep’)KaHUEM BHYTPEHHEI0O M CMELIaHHOTO IUIAaBaHMs, HCIHOJB3YIOMNX KOMOWHAIHIO
Pa3IMYHBIX MPUHIUIIOB IBIKEHHS (Ha BO3IYLIHOW MOAYIIKE W IIOJ ACHCTBHEM SKPaHHOTO
3¢ dexTa), UCXOOUT U3 HEOOXOAMMOCTH Pa3pabOTKU HAyYHO 0O0OCHOBAaHHBIX MOIXOIO0B K MX
MIPOEKTHPOBAHUIO U OCBUAETENBCTBOBAHMIO, BKIIOYas TPeOOBAaHMS K KOHCTPYKIMH H
METOaM pacueTa ¢ ydeToM TpeOoBaHM IO Oe30MacHOCTH JKcIuTyaranud. B pabore
MpUBEIEH 0030p apXUTEKTYpHO-KOHCTPYKTHBHBIX THIOB CBII, skpaHOmmaHoB u cyzos,
KOMOMHMPYIOLIMX JIBYDKEHHE HA BO3AYIIHOH MOJYIIKE C HCHOJB30BAaHUEM IOJ0KUTEILHOTO
BJIMSIHUSL SKpaHHOTO d(dekTa, NpemiokeHa KilacCU(pHKAIMI CKOPOCTHBIX aM(pUOUIHBIX
CYyIOB M HEKOTOpBIE pELICHHs, HalpaBiIeHHbIE Ha pPa3paboTKy IPaBHI IOCTPONKH
CKOPOCTHBIX aM(pHUOMHHBIX CyJOB, KOTOPbIE HE YYHTHIBAIOTCS B JCHCTBYIOLIMX MpaBHiIaxX
noctpoiiku CBII 1 skpaHOIUIIaHOB.

KioueBble cioBa: ckopocTHoe am(uOHMitHOE CyOHO, CYOHO Ha BO3AYIIHON MOIYIIKE,
9KpaAHOIUIAH, KIaccu(uKkanus cymoB

Classification of high-speed amphibious vessels of mixed type
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Abstract. Over more than century-long history of aerodynamically assisted vessels,
numerous architectural and design types have emerged: from planing hovercraft (HVS) to
heavy ground effect craft and vessels combining a ground effect wing with an air cushion.
One of the key advantages of using aerodynamic assisted vessels is the ability to provide
amphibious capabilities, enabling movement on shallows and ice, and the ability to
independently reach unimproved shores. The trend of combining hovercraft propulsion
principles with the positive effects of the ground effect has rapidly developed in recent
decades and is primarily driven by the desire to achieve high cruising speeds and cargo
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capacity with moderate power-to-weight ratios. The problem of classifying aerodynamically
assisted vessels using a combination of different propulsion principles stems from the
necessity to develop scientific approaches to their design, including design requirements and
calculation methods considering operational safety requirements. The paper provides an
overview of the architectural and structural types of hovercraft, wing-in-ground effect
vehicles, and vessels combining air cushion movement with the use of positive influence of
ground effect, and proposes a classification of high-speed amphibious vessels, and some
solutions aimed at developing rules for the construction of high-speed amphibious vessels
that are not taken into account in the current rules considering construction of hovercraft and
wing-in-ground effect vehicles.

Keywords: high-speed amphibious vessel, air-cushion vehicle, wing-in-ground effect
vehicle, vessel classification

BBenenue

B cootBetcTBUM ¢ onpeneneHusiMu Poccuiickoro Kimaccudukanuronnoro O6mectsa [1]:

— CBIl — cynHo Ha BO3mymHOW moayiuke (air-cushion vehicle), ckeroroe wiu
ampuouitHoe, T.e. CyJHO, BEC KOTOPOI'O HJIH €r0 3HAYUTENIbHAS YacTh KakK IPH JBIKCHHUH,
Tak U 0e3 [BIDKEHUS MOXET TMOAJNEPKUBATLCA TOCTOSHHO HArHeTaeMoil BO3IYIIHOMN
MOIYIIKOH, A((EKTUBHOCTh KOTOPOH 3aBUCHUT OT OJIM30CTH MOBEPXHOCTH, HAJ KOTOPOM
HAXOJHUTCS CyITHO;

— 9KpaHOIUIaH — MHOTOPEKUMHOE CyTHO Ha AWHAMHYECKOW BO3IYLTHOH IOIYIIKE,
KOTOpO€ B CBOEM OCHOBHOM OJKCIUTyaTAIIHOHHOM pEXHME JIETHT C HCIOJIH30BAHUEM
«@KpaHHOTO 3¢ dekray Haxg BOTHOH MM HHOH MOBEPXHOCTHIO, O€3 MMOCTOSTHHOTO KOHTAKTa C
Hell, U moanepKuBaeTcs B BO3AyXE, TJABHBIM 00pa3oM, a’dpOIMHAMHYECKOW ITOXBEMHOM
CHJIOM, TeHepHupyeMOH Ha BO3IYIIHOM Kpblie (KPBUIbAX), KOpPIyCe, MIM HX 4YacTAX
(aspoguHamMmuuecKas Hecyllas CHCTeMa), KOTOpble INpegHa3sHAYeHbl I HCIOJIb30BaHMA
JEUCTBUS «IKPAHHOTO 3P dexTar;

— OKpaHHBIA JIPPEKT — CO3JaHHEC JUHAMHUYECKON BO3AYNIHON IMOIYIIKH,
00pa3yemMoil o a3pOIMHAMUYCCKON HECYIIeH CHCTEMON dKpaHOIUIaHa MyTeM HarHeTaHUs
B 9Ty 00JacTh BO3IyXa HaOEraromIMM IOTOKOM, YTO TPH pa3peKeHHH HaJ BEpXHEH
IUTIOCKOCTBIO BO3IYIIHBIX KPBUTBEB CO3JACT TIOBBINICHHOE IaBICHHE IO WX HIDKHEH
IUTOCKOCTBIO, BO3MOXKHOE Ha BBICOTAX OT HECKOIBKHX CAHTHMETPOB J0 HECKOJIBKUX METPOB
HaJ BOJHOM WM WHOW TIOBEPXHOCTHIO, KOTIAa BO3MYIICHHS, MPUBOMAIINE K POCTY
JABIICHUSI, JOCTHTAFOT 3eMJIH (BOJIBI), OTPAXKAIOTCS U YCIICBAIOT JOUTH IO KPBUIBEB.

OCHOBHBIM ~ JIOKYMEHTOM, pErIAMCHTHUPYIOIIUM  KIACCU(PHUKAIMIO  CKOPOCTHBIX
aM(pHUOUIHBIX CYIOB, SBISIETCA MOKYMEHT 1oj Ha3BaHueM «[IpaBuia KiacCU(pHUKAIMUA H
nocTpoiiku cynoB» [2]. Knaccudukanus cyioB Ha BO3AYIIHOW MOYIIKE, COTJIIACHO 3TOMY
JOKYMEHTY, OCYIIECTBIIIETCS B 3aBUCHMOCTH OT BETPO-BOJHOBOTO pexHMa OacceiHa
skcmtyaranuu. JleiictBytomune IlpaBuina kinaccudukanuu W TOCTPOMKH IKPaHOIUIAHOB
pactpoCTpaHAIOTCS Ha cyna BojomsMmenieHneM 10 50 TOHH, KOTOpBIE 3KCILTyaTHPYIOTCS B
HaBUTAI[MOHHBIN mepuon B OacceifHax paspsamoB «JI», «P», «O», «M» U KOTOphle B
3aBUCUMOCTH OT PEXHMa BOJHEHUS U 3arpyKEHHOCTH CYJOXOJHBIX JTUHUI MOT'YT U3MEHSTh
peXUMBl ABM)KEHUS: IUIaBaHUE, TJIMCCUPOBaHHE, SKpaHHBIA moJieT [2]. BaxHO OTMETHUTB,
YTO PEXKUM JIBIXKEHHUS] Ha BO3AYLIHOW MOJYIIKE NPUHLMIIMAIBHO OTIMYAETCS OT PEeXUMa
9KPaHHOTO IIOJIETa TIABHBIM 00pa3oM BBUAY TOTO, YTO CYIHO Ha BO3MYIIHOH MOJYIIKE
MpOSBIISIET aM(pUOUITHBIC CBOWCTBA «HA CTOTIEY, a SKPAHOIUIAH CTAHOBHUTCS «aM()UOMAHBIMY
TONIBKO IIOCTIe B3JIeTa. OTO OTIMYME BIMAET HA BHJ 3aBHUCHMOCTEH CONPOTHUBICHUS
JIBUKEHHUIO 3TUX cyaoB oT yucia @pyna [3-7]. «[IpaBuna knaccuduramuv U MOCTPOUKH
CyIOB» B JCHWCTBYIOUIEH pENaKIMH HE pPACIpPOCTPAHAIOTCS Ha CyAa, COYETaloIllne B
A’POTHIPOJUHAMUUYECKON KOMITIOHOBKE BO3AYITHYIO MOAYIIKY M SKPAHHOE KPBUIO, XOTS, UX
OCBH/ICTEIFCTBOBAHNE JIOIMYCKACTCd IPU YCIOBHHM HPEAOCTABICHHUS JOMOTHUTEIBHBIX
JAHHBIX — PE3yJbTATOB SKCIIEPUMEHTAILHBIX WJIM PacueTHBIX McclieZjoBanmid. Kpome TorO,
MIPUMEHUTENBHO K JIBJKEHHUIO B PEXHME dKpaHHOro mosera B AedctByromux «lIpaBunax»
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OTCYTCTBYET IIOHSATHE KPHUTCPHUEB YCTOIYMBOCTH JBWKCHUS, B TOM 4YHCIE —
00IIeyIOTPEeOUMBIX KPUTEPUEB MPOAONBHOW CTaTHYECKOW ycTOWdmBOCTH [§; 9], BIIepBBIE
omyomukoBaHHBIX UpogoseiM P.JI. emé B 1970 romy.

OTH  00CTOSTENBCTBA  SBJIAIOTCA JOCTATOYHBIM OCHOBAaHHMEM I IIepecMOTpa
KJaccuUKaMM CKOPOCTHBIX aM(QUOMHHBIX CyJOB M pa3pabOTKH IpaBWII IOCTPOWKU
CKOPOCTHBIX aM(pHUOMHHBIX CY10B KOMOMHUPOBAHHOTO THIIA.

ApXI/ITeKTypHO-KOHCprKTl/IBHl)Ie THUIIBI Cy/I0B Ha BOBIIyIIIHOﬁ moaymke

B Hacrosimiee BpeMsi He CYyLIECTBYeT €IWHOW oOIIenpuHATONH KiaccuduKanuu
aPXHUTEKTYPHO-KOHCTPYKTHBHBIX THIIOB CY/IOB Ha BO3IYIIHOW monymike. B pabore benya
10.10. [10] paccmaTpuBaeTcs Kinaccu(UKalMs CYAOB IO TNPHHIMITY B3aUMOJEHCTBHUS C
BOJHOW Cpeloi B Mpollecce ABWKEHHSA: Pa3INyaroT CyAa C MOJHBIM OTPBIBOM OT BOJBI, C
JaCTHYHBIM OTPHIBOM OT BOZBI M cyzna 0Oe3 oTpsiBa OT BoAbl. [laHHas KiaccuuKamms
IpUOOpETaeT AOTOJIHUTENIBHYIO AaKTyaJdbHOCTh B CBS3M C PasBUTHEM CKOPOCTHBIX
aM(pUONHHBIX CyZ0B KOMOMHHPOBAaHHOTO THIIA, TOCKOJNBKY TakHe CyAa MOTYT ABHTAThCS
KaK C HOJHBIM OTPBIBOM OT BOJABI Ha PEXHMME JKPaHHOIO MOJETa, TAK U C YACTUYHBIM
OTpbIBOM WIM 0O€3 OTphIBa OT BOABI Ha pPEXHME XOJa HA BO3IYIIHOW IMOIYIIKE, B
3aBUCHMOCTH OT TpaHCIIOPTHOM 3ana4n. Takxke B padote [10] npemnoxkena kinaccudukarus
5 tunoB CBII, paznugaronuxcs Mo cXeMe COo3/AaHus BO3AYITHO MOTyIIKH:

1. CBII ¢ o0rieii moAKYIOJbHONH KaMEepO.

2.CBIl c mnomayeii Bo3ayxa uYepe3 KOJbBIEBBIE COIUIA, PACIOJIOKEHHBIE TIO
MIEPUMETPY BO3AYIITHON MOYIIIKH.

3. CBII ¢ mabupHHTHBIM YIUIOTHEHHEM OUPKYIHPYIOMIETO BO3AYIIHOTO MOTOKA.

4. CBII ¢ BO31y1IHOM CMa3KOH — TOHKUM CJIOEM BO3[lyXa MEKAY JAHULIEM U BOJHOM
MTOBEPXHOCTHIO.

5. CBII ¢ pyOkoii B BUie SKpaHHOTO KpbLIa, HCIOIB3YIOMIETO SKPaHHBINA A GeKT st
YaCTUYHOW Pa3Tpy3KH.

B kauecTBe mpuMepa CylHa MATOTO TUIA W3 BBINIETIEPEYUCICHHBIX YKa3aH ammapar
T.I1. Kaapuo (pucynok 1), npemnoxxenusiit B 1935 rony. IIpumep anmapara T.I1. Kaapuo
MMOKA3bIBACT, YTO WJCS CO3JaHUS CKOPOCTHBIX aM(GUOUHHBIX CYI0B KOMOMHHUPOBAHHOTO
THTA BO3HUKJIA e1lI€ Ha 3ape Pa3BUTHUS CYJIOB C adPOJMHAMHUECKAM TOIEPKaHUEM.

B KOHCTPYKIMSX HM3BECTHBIX CKOPOCTHBIX aM(pUOUHHBIX CYI0B KOMOHHHPOBAHHOIO
THTIA BO3/YIIHAS TOAYIIKA CO3AAaETCsI OJHUM H3 IBYX CIIOCOOOB: 1) ¢ TOMOIIBIO OTACTHHOTO
BeHTmATopa (CBII Tnma 1 mo kmaccudpumkammm benya FO.FO. [10]); 2) ¢ momomrsio
MapIIeBO-TIOATYBHOTO  ycTpodicTBa. BII  BTOporo  THWma  NpWHATO  Ha3bIBaTh
«IuHaMu4YecKkoi», a BII mepBoro Tuma MOXHO Ha3BaTh «CTAaTHYECKO», UMes BBUAY, UTO
mapeHue Ha TaKo# MMOIyIIKke BO3MOXKHO 03 IBHKCHUS CYIHA, T.C. «Ha CTOIEH.

B pabore [11] mocrtaTo4HO MHOTO BHHUMAaHHS YACNCHO KiIacCH(UKAIUH THOKOTO
OTpaKJIEHUs BO3AYIIHOW TOAYIIKH. BBIIENeHBl Cclieayomue Kiaccu(puKaruoHHbIE
TIPU3HAKHU:

1. MecTo pacrnosioskeHusI THOKOTO OTPKICHHUSI IO THUIIIEM.

2. Cxema (hopMUpOBaHHS BO3AYIIHON MOTYIIIKH.

3. [IpuMeHeHNE MEXaHU3AIUH YIIPABICHUS THOKUM OTPaXKICHUEM.

4. OcoOeHHOCTH MPUMEHEHUSI OCHOBHBIX KOHCTPYKTHBHBIX 3JICMCHTOB OTPaXKICHUSI.
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Puc. 1. CynHo Ha BO3IYIIHOW OAYIIKE ¢ PYOKO B BHIIE SKPAHHOTO
kpsuta T.I1. Kaapuo [10]: 1 — mapmeBble aBurareny, 2 — KOPMOBOE OTpaKACHHE, 3 — HATHETAOIIIe
BEHTHJISITOPHI, 4 — HOCOBOE OTpaXKJICHUE

[MpennoxeHs! knaccuUKaMKM B 3aBUCUMOCTH OT CXEMbI (POPMHPOBAHUS BO3YLIHON
MOTYIIKA M B 3aBUCUMOCTH OT IPUMEHEHHS OCHOBHBIX KOHCTPYKTHBHBIX JJIEMEHTOB.
HecMoTps Ha BBICOKYIO HHOPMATUBHOCTh Matepuaia padoTs! [11], BaXXHO OTMETHUTSH, YTO B
W3BECTHBIX KOHCTPYKLMSIX CKOPOCTHBIX aM(pHOMIHBIX CYIOB KOMOMHHMPOBAHHOIO THIIA
HCTIONB3yeTcsl OajIOHETHOE WJIM CKeroBoe orpaxkaeHue [12], mocKonbKy Takoi Tum
OTpaXKJICHUsI TpEACTaBIsieTCs Oojee YIOOHBIM B UCHOJHEHHH (10 CPaBHEHHIO C
CEerMEHTHPOBAHHONW I00KOHW) ® 1M03BOJseT oOecreynBaTh HaWMEHBINEE 3HAUYECHUE
a’pOJIMHAMUYECKOTO CONPOTHBICHHUA [BIXKCHHIO CyJAHA W HAWUMEHBIIEE BIUSHHE
a’pOyNpyrocTy Ha YCTOWYHMBOCTH ABMKeHMs. OIHAKO, BONPOC NMPUMEHEHHS APYIHX THIIOB
OTPaXKJCHUSI B KOHCTPYKIMH CKOPOCTHBIX aM(pUOMHHBIX Cyl0B KOMOMHHPOBAHHOTO THIIA
OCTaeTCs OTKPBITBIM.

Taxoke OTKPBITBIM OCTaeTCs BONPOC W O BO3MOXKHOCTH Y4YeTa KJIACCU(HKAIMOHHBIX
NIPU3HAKOB, NPHUBEACHHBIX B pabore [11], B neicTByIOmNX NpaBWiax KilacCH(UKAIUU H
MOCTPOMKHU CyAOB, OJHAKO, B M0JIb3y aKTyaJIbHOCTH JAHHOTO BONPOCA CBUAETENBCTBYET, B
TOM 4YHCie, (aKT OTCYTCTBHSA B IIPABHIAX IOJIOKCHHUH, ONPENeNIIonX TpeOOBaHHSA IO
ycroitunBoctn nBmxeHnss CBII, Ha KoTOpyl0, B EpBYIO O4Yepeib, BIUAET CXeMa CO3IaHUIL
BO3JIYITHOW TIOAYIIKM M KOHCTPYKIMS OTpakAcHus. YcroiunmBocTh ABwkenus CBII, B
COOTBETCTBUHM C TOJIOKEHMsIMH paboTsl [13], chopmynmmpoBana B Buae TpeOoBaHWMSA,
BBIPAaKEHHOTO HepaBeHCTBOM (1).

1
Xo > X, M
X, — abcuucca HEHTpa THKECTH, X, — abcuucca LEHTpa JAaBJIECHHUS, OTCYHTAHHBIE B

ZlHaMGTpaJ'IBHOfI IIJIOCKOCTHU B HAIIPABJICHUU OT HOCA B KOpMY CYy/JIHA.
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Ha mpaktuke ucnonp3oBanne HepaBeHCTBA (1) B KilaccH(UKAITMOHHON NESTEIHHOCTH H
ocunerenscTBoBannn CBII He mpexacraBmsercss HepemraeMoi 3amadei, ITOCKOJBKY
MOJIO)KEHNWE IIEHTpa IABICHUS IIPU PAaBHOMEPHOM pAaCIpelelICHWH NaBleHUS B o0nacTu
BO3IYLTHOW HMOAYIIKHA MOET OBITh ONPENENICHO KaK T€OMETPHUYECKUI LEHTP BO3TYIIHON
MOTYIIIKH B IJIAHE, O YeM yKa3aHo u B padote [13].

Hpyroii nmpobnemoii ocsuaerenscreoBanust CBII sBisieTcst 1ocToBepHOE OmpelesieHne
a’POTUAPOJUHAMUYECKOT0 CONMPOTHUBIICHHS ABIKCHHUIO Ha Pa3/IMYHBIX PEKUMaX BOJIHEHUS.
Pa3zpaboTka aHaNMTHYECKUX TOAXOAOB K PEILICHHIO ATOH 3a/aud Uil KaXXJIOH CXEMEI
BO3AYIIHOM MOAYNIKM MpeACTaBisfeTca 3afauyeil 4pe3MepHO TPYAOEMKOH, OIHAaKoO B
Ka4yecTBE COBPEMEHHOI'0 YHUBEPCAIBHOIO METOIa ONPEAEICHUS CONPOTUBICHUS ABIKCHUIO
CBII MoxHO paccMaTpuBaTh METOIBI YHCICHHOTO MOJCIHPOBAHWSA THAPOAMHAMUKH Ha
ocHOBe pemieHHs ypaBHeHMH HaBpe-CTOKca, peann3oBaHHBIE B MAKeTaX MHpPOrpaMM
IUpPOBON TOANIEPKKH TIPOLECCOB >KM3HEHHOTo mukia [12; 14]. B cBia3m ¢ pa3Butuem
HMIIOpTO3aMelleHNs, Ha cMeHy mnakeraM mnporpamm Star CCM+ u Ansys B IpPaKTHKE
OTEYECTBEHHOT'O CYyJOCTPOCHHS IPUXOIUT OTE€YeCTBEHHbIM aHanmor FlowVision, KOTOpPBIHA
MO3BOJISICT pEMIaTh 3aJadyd MOJCNUPOBAHMA KOpaOeNpHOW THAapoaWHamuku [15] mpum
3HAYUTEJIBHO MEHBIINX TPEOOBAaHHUAX K BBIYHMCIUTEIBHONW TEXHUKE 32 CHET HCIIOJIb30BaHUS
KBa3H-0THO(A3HOTO MOIX0/A.

ApXUTEKTYPHO-KOHCTPYKTHBHBIE THUIIbI JKPAHOILUIAHOB

Haubonee pacnpocTpaHeHHBIH THUI KiIAacCU(HUKALUK 3KPAHOILIAHOB OMNHpAeTCs Ha
a9POJIMHAMUYECKYIO CXeMY KOMIOHOBKH [4;5;12]. Paznuuaror:

— CaMOJIETHYIO CXEMY;

— CXeMy yTKa;

— CXeMy TaHIeM;

— CXEeMYy «JIeTaromiee Kphuio;

— CXEMY «COCTaBHOE KPBLIOY.

B cootBercTBUEM ¢ Kiaccupukanmein MexIyHapOIHOH MOPCKOW OpraHU3alliH, II0
BO3MOKHOCTSIM ~ JBIDKCHHMS  OTHOCHTEIBHO  OKPAHHOW  TOBEPXHOCTH  pa3IMYaroT
9KPAHOIUIAHbI CIeIYIOIUX THIIOB [16]:

— Tun A: sKkpaHOIUIaH, NpeIHa3HAYEHHBIH IS OKCIUTyaTallud TOJBKO BOJIM3U
9KpPaHHOW MOBEPXHOCTH. KOHCTPYKIMS TAaKOoro CyAHa JOJDKHA HCKIIOYaTh BO3MOXHOCTH
JIBIDKEHUS HaJ 9KPaHOM Ha BBICOTE, MPEBBIMIAIONICH 3HAYEHHE BBICOTHI hg: 3TO 3HaYECHUH
BBICOTHI BENMYMHA KOX(PQUIMEHTa IMOXBEMHOW CHIBI cocTaBiusier 1,1 BeTHMYUHBI
KO3 pHIHEHTa IOJbEMHON CIITBI BHE BIUSHHSA YKpaHa (TIpu h->c0);

— Tun B: skpaHoIUTaH, TIpeHA3HAYCHHBIN IS SKCIUTyaTallid B YCIIOBHSIX BIIHSHUS
9KpaHHOTO 3] deKTa U CIIOCOOHBII BEIXOIUTH 3a MPEIeIbl BIUSAHUSA SKPAaHHOTO dPQeKTa Ha
BEICOTY, He Ooitee 150 M 1t 00X01a IPETSITCTBUH;

— Tun C: aHaNOTWYeH SKpaHOIUIAHY THIA B W OTIHYaromuiicss BO3MOXHOCTBIO
JIBIDKEHUS Ha BbicoTe Oomee 150 M Hax sKpaHoOM.

B pabote [12] npemynoxkena cieayromas Kiaccuukamnysi SKpaHOIIJIAHOB TI0 B3JIETHON
macce: nerkue (mo 10 tonH), cpemnme (10-100 ToHH) m Tspkenmbie (Gonee 100 TOHH).
OcHOBaHWEeM Ui JaHHOH  KJIACCH(PHMKAIUM  TOCTYXXWJI  aHaJH3  XapaKTEePHUCTHK
9KPAHOIUIAHOB PA3JIMYHBIX IMPOEKTOB M TMOTPEOHOCTEH B MACCAKUPCKUX IIEPEBO3KAX IO
BHYTPCHHUM BOJIHBIM ITyTSIM.

Kpowme toro, B pabore PoxxnectBenckoro K.B. [S] nmpemnoxeHa kiaccuukanus TUIOB
MTOJIOKHUTEIHHOTO BIUSHHS YKPAHHOTO IPPEKTa MO KATETOPUSIM BIUSHIS TEOMETPUH KPbLIa:
MPEUMYIICCTBEHHOTO BIUSHHUS XOPABI KpblJa Ha BO3HHKHOBEHHE 3KPAaHHOTO 3(deKTa U
MIPEUMYIIECTBEHHOTO BIUSIHAS pa3Maxa Kpbuta. [IepBhIil TUIT BAUSHUS dKpaHHOTO 3 deKTa,
32 CUET XOpJbl KpbUIa, MPUBOJUT K YBEIMYCHUIO BONM3HM 3KpaHa Kak Kod(pQHUIMEHTa
MTOJTBEMHOW CHJIBI, TaK U KOA((HUIMEHTa a3pOINHAMUYIECKOTO conpoTuBieHus. OaHaKo, 3a
cyer Ooylee MHTEHCHBHOTO INpHpocTa KO3 UIMEeHTa MOABEMHON CHIIBI 10 CPAaBHEHHIO C
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KOX(QQHUIUEHTOM  a’pOIUHAMHUYECKOTO  CONpPOTHBICHHSA,  HAOMIOHAaeTCs  MPUPOCT
a’pOANHAMHYECKOTO KAa4eCTBa KpbLIa MPH €r0 JBIDKCHUH BOIHM3M 3KpaHa, 110 CPAaBHEHUIO C
JBIKCHHEM BHE 9KpaHa. Bo BTOpoM ciydae NpHpOCT a3pOAMHAMHUYECKOTO KadecTBa
HaOmofaeTcss, B OCHOBHOM, 3@ CYET CHIDKCHHMS HHIYKTHBHOTO COIPOTHBICHHSA. OTOT
a¢dext mpoaemoHcTpupoBan Deppanbckux A.B. B pabore [12] mpu wucciemoBaHUU
KOMITOHOBOK CYJIOB, HCIIOJIB3YIOIIMX MOJIOKUTENBEHOE BIMSHUE JKpaHHOrO 3¢dexra, ¢
Pa3IMYHBIMH 3HAYCHUSIMH YAIHHEHHs Kpbuia. OHako, Kak ObUTO MOKa3aHo B pabdore [12],
JUISL SKPaHOIUIAaHOB C YJUIMHEHHEM KpbUia Oosbiie 3,5, Oojee OCTpO BCTaeT BOMPOC
obecrieueHns: COOCTBEHHOM MPOJOJIBHON YCTOMYMBOCTH ABHXKEHHUSI, YEM JUISl 9KPaHOIUIAHOB
C KpPbUIOM MaJIoro yAJIHHEHUS.

ObecrieueHne  YCTOMYMBOCTH  ABIDKCHHSI  JKpaHOIJIAHA  OCHOBBIBAaeTCA  Ha
YIOBIETBOPEHNN KPUTEPHEB B3aUMHOTO PACIOJIOKCHUS a3pOAMHAMUYECKHX (POKYCOB IIO
BBICOTE, YTy TaHTaXa M IIOJOXKEHHWS LEHTpa Macc — Kpurepue Mpomosa-XKykosa-
Oeppanbckux. B pabore [8] MpomoB mokaszan, dYTO MOJOXCHHE a’dpOJMHAMUYCCKUAX
(OKyCOB U HEHTpa Macc SKPaHOIUIAaHA HAa PEKUME yCTOHYMBOTO YCTaHOBHMBIIETOCS IOJETa
OTIPEETISIETCSI CIICAYIONMMHU HEPaBEHCTBAMH (2).

X,-X, <0
X,—-X, <0

2)

B cucreme Hepasencts (2): X, - abcimcca adpoAHHaMUYECKOro (hokyca Mo BBICOTE,

X, - abcrmcca a’popuHaMudeckoro doxyca mo yriy, X - abcimcca IIEHTpa TAKECTH.

G
KoopanHaThl OTCUNTAaHBI B INIOCKOCTH CPEeJHEH a’dpoAMHAMHUYIECKOH XOp bl OT HOCKA KphLia

B HampaBieHnH xBocTuka. XKykoseiM B.W. [17; 18] sMmupudecku O6bUI0 yCTaHOBICHO, YTO
pPEKOMEHyeMble 3HA4YEHUs M BEIMYHHBI MeXK(pOKycHOro paccrosuus AX=X -X_
coctaBisaoT 0,05...0,15 BenuuuH cpenHel adpoguHaMuueckoi Xopasl. B nanpHeimewm [ 19]
@epanscknx  A.B. OGomee crporo o0ocHOBanM TpeOOBaHHMS, IPEIbSIBISIEMBbIC

MeK(POKYCHOMY PACCTOSIHUIO, M TIOKA3all UX CBA3b C BEJIMYMHON KOAPPHUIHEHTA OIBEMHO
CHWIIBI B BUJIC HepaBeHCTBA (3).

K
)51

AX <cS, 3)

B nepasenctse (3): €, - K0O9(pPUUMEHT OABEMHON CHIbI, S, — MOJIOBHHA BTOPOH

MIPOM3BOIHON KO3(HUIIEeHTa MOMEHTA TaHTaxa 1o Ko3(h(HUIMEHTy MOABEMHON CHIIBI IIPU
3aJ]aHHOM 3HAYEHHH YTJIa TAHTaXa.

Jnst onpeneneHus XapaKTEPHBIX 3aBHCHMOCTEH a’3pOANHAMUYECKHX XapaKTepUCTHK
9KPaHOIUIAaHOB OT IapaMeTpPOB JBIDKCHUS HaJl SKPaHOM W KOMIIOHOBOYHBIX pa3MEpEeHHH
HaKOIUICH JOCTATOYHO OOIIMPHBIH O00BEM METOJMYECKHX MAaTepHalioB W JaHHBIX,
CHCTEMAaTH3HPOBAHHBIN, TIaBHEIM 00pa3oM, B pabotax [4; 12; 19; 20]. PexomeHmanmu
HCTIONB30BaHUSI MaTepHajoB 3THX pPadOT, a TaKkKe IPYTUX MaTepUalioB, IMPOLIEIIINX
OKCHEepPTHHII aHanmu3, MOINMM OBl CYIIECTBEHHO YTOYHMTh ¥ KOHKPETH3HPOBATh
CYIIECTBYIOIIME TIpaBWJIa KIAcCU(UKAIMM W IOCTPONKH, TeM CcaMbIM, OOecreunB
HEOOXOIMMYIO ISl  CyJOCTPOMTENCH ONpeNeNieHHOCTh B 9YacTH TpeOoBaHMH K
skpaHomiaHaM. OJHOBPEMEHHO C JTHM, pPAa3BUBAIOTCA IMOJIXOABI M K YHUCIEHHOMY
MOJICIMPOBAHHUIO A3POJMHAMHUKH HKPAaHHBIX CYAOB C HCIIONB30BAaHHEM OTEUECTBEHHBIX
IporpaMM 4YHCJIEHHOTO MOAENHpOBaHUs [23], KOTOpbIE XOpOLIO MOAXOZAT s
ONpeneNeHusl ceMeiicTBa 3aBUCHUMOCTEH adpOJMHAMHUYECKUX XapaKTepUCTUK U HX
MIPOU3BOJHBIX, B TOM UHUCJIE, XapaKTEPUCTHK YCTONUUBOCTH MOJIETA.

CpaBHeHHe JEHCTBYIOUIMX IIPaBWI IMOCTPOMKHM M KIACCU(HMKALNHM SKPAHOIUIAHOB C
pe3ynbTatamMu 0030pa pPa3iIMYHBIX MPEUIOKEHHBIX THIIOB KIIacCH(UKAINU TOKa3bIBAET, YTO
JefcTByomue npasmia [2] HampsMyro, 0e3 MpoBeleHUs JOTOTHUTEIHHBIX UCCIEA0BAHUMT,
pacupoCTpaHSIOTCS TOJNBKO Ha JeTkhe SKpaHomtanel Ttuma A. Ilpum sTom, Hampumep,
BO3ZHUKAIOT TPYTHOCTH C PETUCTpAIMEl CBEPXJIETKHX OECIMIOTHBIX JKPaHOIIIAHOB,

62



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne86(1), 2026

KOTOpBIE, BBHIY CBOMX MajbIX pa3MEpPOB W MallOW BBICOTHI JBIDKCHHS Hal 3KPaHOM, B
COOTBETCTBUH ¢ Kiaccupukamuedr MeXITyHapoJgHOW MOPCKOH OpraHm3aliil MOTYT
IpUHAIeKaTh TobKO K THaM B mmn C. Takum o6pa3oM, pe3ynbTaTsl 0030pa OTKPBITHIX
HCTOYHHKOB II0 TpoOsieMe KiacCH(UKAIWU 3SKPAHOIUIAHOB BBIIBISIIOT KaK MUHHMYM
CIIEAYIOIME  CYLNIECTBEHHBIE  HEJOCTAaTKHM  JCHCTBYIOIIEH  KJIACCU(HUKALMOHHOM
JIOKYMEHTAaLluU:

1. HeoO6X0AMMOCTb yTOYHEHHS OTIPEeICHUS «IKpaHHOTO 3(dexTa» B HOPMATUBHBIX
JIOKYMEHTaX C TOYKHM 3PEHHs BIIMSHUS Ha HECYyIIHe CBOMCTBa KpbUla WM OOBOJOB
CyJHa.

2. OTcyTcTBHE Ompe/eeHus] TpeOOBaHU K KOHCTPYKUUH (pa3MEPEHHH 3JIEMEHTOB
KOMITOHOBKH) B 4aCTH 00€CIEUCHNUS 9KPAHHBIX CBOMCTB PETHCTPUPYEMOTO CyIHA.

3. Onpenencaue TpeOOBaHMA MO YCTOMYMBOCTH JBIKCHUS HA PEKUME SKPAHHOTO
TI0JIETA, OMPEACITAEMBIX TEOMETPHIECKUMH COOTHOIICHUSIMH 3JIEMEHTOB KOMIIOHOBKH.

Kuaccudukanust ckopocTHbIX aMPUOUHITHBIX CY/10B KOMOUMHUPOBAHHOIO THIIA

B KOHCTpyKLHHU MEPBOTO CEPUIHOIO JIETKOro MaccaXMpCKOro sKpaHomiaHa «Boira-2»
(pPUCYHOK 2) COCOUHSIMCh TEXHHYCCKHE PEIICHMS, HANPaBICHHbIC Ha HMCIONB30BAHMSA
NPEUMYIIECTB JBMKEHHS HAa BO3YIIHOM IOXYLIKE M HCIIOJIb30BAHHS MOJOXKUTEIBHOTO
BIMSHHUA SKpaHHOro d¢¢ekra (mo knaccudpukanuu paborsl [10] — CBII Ttuma 5).
Bosayminas monmymika Ha crapre CO34aBalach JBHXKHTENLHO-TIONAYBHBIM YCTPOHCTBOM
BUHTOKOJIBLIEBOTO THIIA C HANpaBJSIOIMM anmnaparoM. JIBwkeHHe Ha Kpelcepckon
CKOPOCTH BBITIOJIHSIOCH, B OCHOBHOM, 32 CYET a’pOJAWHAMUYECKON CHIIBL, (hOpMUpPYEeMOn
Ha0eraroliM IIOTOKOM Ha KpbUIE.

Puc. 2. Okpanomnan «Boura - 2» [24]

B nanpHelimeM uaeu COEOUWHEHUS] BO3AYLIHON MOJYIIKM M SKPAaHHOrO KpbUla B
KOMITOHOBKaX CKOPOCTHBIX aM(pUOMHHBIX CYJOB IMOJIyYHJIH Pa3BUTHE B PsjE MPOEKTOB:
LAT'U, Hoverwing, Swan u apyrux (pUCyHOK 3).
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(a) cyHO Ha BO3AYIIHON MOIyNIKe-9KpaHoIniaH nmpoekTa LIATU [25]

(b) cynno mpoekra Hoverwing [26] (¢) cynno poekta SWAN [27]

Puc. 3. TIpoekTsl CKOPOCTHBIX aM(PHUOMIHBIX CYZOB C BO3AYIIHOH MOIYIIKON U 3KpaHHBIM KPBLIOM

XapakTepHCTHKU CYAOB IPUBEAEHHI B Ta0nuIe 1.

Tabauya 1
XapaKTepUCTHKH CKOPOCTHBIX aM(pHOUITHBIX Cy10B KOMOMHUPOBAHHOT0 THIA
JITX Bomra-2 Hoverwing UH- 751 Swan
19XRW
Macca MakcuManbHas 2,950 1,066 8,1
B3JICTHAS, T
CxopocTsb kpeiicepckas, 120 96 130
KM/4
MacCaXKUPOBMECTUMOCTh 8 4 15
JlnvHa, M 11 7,76 19
upuna, M 8 7,32 13,4
MoIIHOCTh ABUTATENCH 300 256 630
MOJIHAs, JI.C.
Tun BIT JUHAMHAYeCKas CTaTUYeCKas JIMHAMUYeCKas
CrpaHa-IpON3BOAMUTENH CCCP CIIIA Kurait

[IpuBenennple B Tabmume | XapaKTepUCTHKH TOKA3hIBAIOT, YTO HAa YpPOBHE
CTOXAaCTUYECKOTO HCCIIEOBATEIILCKOTO TPOCKTUPOBAHUS HE BBISBIECHO YCTOHYMBBIX
KOPpENAUiA MEXIy HECYIIUMH CBONCTBaMH, pa3MEpeHHMSIMHU M JHEPrOBOOPYKEHHOCTHIO
CyJIOB PA3JINYHBIX IIPOEKTOB.

B HacTosee BpeMs He CyIIecTBYeT OOIIEIPUHATOrO OAX0/a K KIIACCH(PHKALINU CYI0B
TaKOTO THIIA, OJJHAKO, OMUpasich Ha ombIT Kiaccupukanun CBII u 3KpaHOIIaAHOB, MOXHO
BBIJICIUTh HEKOTOPBIC KIIFOUYEBBIC MPU3HAKH, TPUCYIIHE CKOPOCTHBIM aM(QHOUITHBIM CyIaM
KOMOWHUPOBAHHOTO THUIA: CIIOCOO CO3IaHWs BO3AYIIHOW MONYIIKK (CTaTH4YecKas — C
MIOMOIIBIO OTAEILHOIO HArHeTaressl, Wid JAMHAMHUYEeCKass — C MOMOIIbIO JBHXKUTEIBHO-
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HOAIYBHOI'O YCTPOMCTBAa) M KOMIIOHOBKA HECYIIETro KpbUla (MOHOKDPBUIO HIIM COCTABHOE
kpbuio). CocraBHOE KpBUIO BKJIIOYAeT LICHTPOIUIAH, HIDKHASA ITIOBEPXHOCTH KOTOPOTO
YAaCTUYHO WIHM MOJHOCTBIO 3aHATAa BO3IYIIHOW MOAYIIKOH, M KOHCOJH, Ha KOTOPBIX
co37aeTcsl MOAbEMHAs CHJIa TOJBKO 32 CYET BCTPEYHOro IoToka. Hanmume cocraBHOTO
KpbUla B KOMIIOHOBKE CKOPOCTHOTO am(uOMHHOr0 cyaHa KOMOWHHPOBAaHHOTO THIIA
CYIIECTBEHHO BJMSET Ha XapaKTePUCTHKH YCTOWYHMBOCTH JBI)KEHHS, ITOCKOJIBKY
a’pOJJMHAMUYECKUE XapaKTEPUCTUKU KOHCOIIH OIIPEEIISIOT TI0JIOKESHUE a3POAMHAMUYECKUX
(OKycOB, HO HE MEHSIOT TIIOJIOKCHUS IIGHTpa MAaBJICHUS BO3AYIIHOW ITOJYLIKH.
CxeMaTH4ecKd COBOKYITHOCTh TPeOOBaHUI MO 00eCleueHHI0 MPOJOIBHON YCTOHYMBOCTH
JIBIDKEHUSI CKOPOCTHOrOo  aMm(uOMHHOTO CyaHa KOMOWHHMPOBAaHHOTO THIIA MOXKHO
MIPEICTaBUTh B BUE pUCyHKa 4. TpeOoBaHMS MO COOTHOUICHUIO aOCIMCC EHTPa TaBICHUSL
BIT u ¢okyca mo BEICOTE B HacTosIee BpeMs OCTAIOTCA HE BIOJIHE MPOPaOOTaHHBIMH,
OJHAKO, MOKHO IIPEAIOJIOKHUTh, YTO MOJOKCHUE LEHTpa JABJICHUS BO3IYIIHOHN ITOLYIIKH
OJIMKe K XBOCTHKY KpPbUIA B CEYCHHH CPeIHEH adpoIMHAMUYSCKONW XOP/BI [0 CPABHEHHUIO C
noJyioxkeHHeM (oKyca MO BEICOTe OynaerT Oosiee NPEOIMOYTUTEIBHBIM BBHAY JABYX
00CTOSATENBCTB:
1) Ip TaKOM COOTHOILEHHUHU abCIUCC Ha PEKUME NIePeX0a OT BO3MYIIHONW HOAYIIKH
K DKpPaHHOMY IIOJIETY CyIHO OyneT mNpuoOpeTaTh IONOJHUTENbHBIH MOMEHT Ha
KaOpUpoBaHUE;
2)mo Mepe Habopa BBICOTHI M YMEHBIICHMM BKJaJa BO3IYLIHOW IMOXYNIKH B

¢dbopMupOBaHHE TOABEMHOW CHJIBI C OJHOBPEMEHHBIM YBEIIMUCHHEM BKJaja

adpOIMHAMHUKH HeCyIIero Kpbuia abimcca (okyca IO BBICOTE OyIeT YBEIMYHUBATHCA,

JOCTHTHYB COBIIQICHUS ¢ a0CIMCCOM LIEHTpa NaBICHHUS.

XP LieHTp aaeneHma Bl

Y

iV 5
IO Koy —

X
/ .\ \Xa dokyc no yray
X

G UEHTD TAXecTn

S

doKkyc no BeicoTe XE

Puc. 4. Cxema TpeboBaHMii 10 00ECIIEYEHHIO TPOIOIBHON YCTOHUYMBOCTH ABHYKEHUSI CKOPOCTHOTO
aM(pUOMIHOTO CyTHa KOMOWHUPOBAHHOTO TUITA

BaxxHO OTMETHTB, YTO 3aMEIJICHHE Pa3BUTHSA MPOCKTOB CKOPOCTHBIX aM(pHOMITHBIX
CyI0B KOMOWHHPOBAHHOTO THIIA, HAOIOAaeMOe B MOCIIEIHUE TOMABI, CBA3aHO, B TOM YHCIIE,
U C PAJIOM MPOCKTHBIX OMIMOOK, TAKHUX, KaK H30BITOYHAS CTPEIOBHIHOCTh HECYIIETO KPhLIA,
HepallMOHAJIIbHAasi  KOMIIOHOBKa  LIEHTpOIJIaHA UM KOHCOJM, HHM3KUH  ypOBEHb
MPOpa0OTAaHHOCTA KOMIIOHOBKHM B YacTH a’pPOTHIPOJAMHAMHYECKOIO CONPOTUBIICHUS,
VOpaBJICHUS  JBIKUTCIBHO-TIOJUIYBHBIM — YCTPOHCTBOM, OOECIIEUCHUS YCTOHYMBOCTH
JBIDKEHUS U JIp. DTUX OMHMOOK MOXKHO ObLIO OBl YaCTUYHO W30€KaTh MPU HATWMINY HAYTHO-
000CHOBAHHBIX TPABHI KJIacCHU(DUKAIMHA U MOCTPOHKH CKOPOCTHBIX aM(pUOMIHBIX CYJ0B
KOMOWHHUPOBAHHOTO THIIA.

Hcxons W3 TPOBEOCHHOTO AaHANM3a, PpAIMOHAIBHO MPEIIOKUTh  CIEAYIONIYIO
00001IeHHYI0 KTacCH(DHUKAIIIO CKOPOCTHBIX aM(MUOUIHBIX CYA0B (PHCYHOK 5).
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CkopocTtHble ambpubuidHble cyaa
/ ‘ \
CyAaa Ha BO3AYWMHOIR Skparonnanbl (M) CropocTHble amdubuiiHble
noaywke (CBN) cya KOMBMHWMPOBAHHOMO TMNA
Knaccuueckme CamoneTtHasa
> . — > +
(cxema wioGKan) xema CBM+23n
-
fiMnnuwa || AuHamuueckan
BN
-
B TaHgem
- ] «CocrasHoe
C soaaywon | Cxema «ytkan KpBINo»
3aBecon
Nerawvwee
|
KPbiNo

Puc. 5. Cxema 0600111eHHO# KITacCU(PHUKALIUI CKOPOCTHBIX aM(pUOUIHBIX CYI0B

B knaccnukannoHHOH cxeme, MPeACTaBICHHON Ha PUCYHKE 5, B KAU€CTBE OCHOBHOTO
KIIacCHU(MKAIIMOHHOTO MpU3HaKa BBIOPAaHBI apXUTEKTYPHO-KOHCTPYKTHBHBIE OCOOCHHOCTH
KOMITOHOBKH, ONPEeISIIoMuNe 00ecIeueHie HYKHBIX 3HAUEHHH a’3pOTrnApOANHAMUYECKOTO
Ka4ecTBa W COOCTBEHHON YCTOIUYMBOCTH KPEHCEpPCKOTO IBIDKCHHS Ha PaHHUX CTaansaX
IpoeKkTUpoBaHKs. B Oonee oOmieM mojaxone K COCTaBICHHIO KJIACCH(PHUKAMOHHON CXEMBI
CKOPOCTHBIX aM(QUOMHHBIX CYZI0B HEOOXOANMO YUHUTHIBATh CJIEIYIOUINE TPU3HAKH:

— Maccy NpH MOJHOH 3arpy3Ke;
— MOPEXOJIHOCTE;
— Ha3HAa4YCHHE CYyJHAa;
— THII ABUXKUTCIIA,
— MHMHUMQJIBHYI0O M MaKCHMAJIbHYIO JOCTHUTAaEMYI0 NaJbHOCTh aBTOHOMHOTO
X071 TIPH TIOJTHOM 3arpysKe;
— JIeIOBYIO XO/IKOCTB;
— c1ocoOHOCT 00ecTIeYeH s 3aJaHHBIX XOJIOBBIX Ka4eCTB ITPH 00JIeICHEHHUH;
— TEOMETPHYECKHE XaPAKTEPUCTUKH 0OBOJIOB;
— MAaHEBPEHHOCTB;
— aM(puOuitHOCTh (BO3MOXKHOCTD JIBHIKEHUSI 110 PAa3JIMYHBIM THIIaM ITOJICTHIIAOIIEH
IIOBEPXHOCTH);
— JIpyrue CBOMCTBA.

CocraBieHre TakoH KIaCCH(PUKAITMOHHON CXEMBI SIBISIETCS OOBEMHOW M JOCTATOYHO
CIOXHOW paboTol, NPAaKTHYECKOH IeNbI0 KOTOPOH CTaHET ONpeAeTCHHE IPaBHI
KJacCU(UKaMM W OCBHUJICTEIBbCTBOBAHMS CYAOB, NPOEKTHPOBAHHE KOTOPHIX Ha OCHOBE
JCUCTBYIOIIMX  HOPMAaTUBHBIX  JOKYMEHTOB  OCTaeTCs  CIOXHOW  3amaded s
CYJOCTPOUTENBHBIX KOMNAHWK. Pe3ynbTarsl aHanmsa omyOJIMKOBAaHHBIX HAay4YHBIX TPYIOB
TIOKa3bIBAlOT BO3MOKHOCTh OPTaHHU3AIMH TAKOH PabOThI Ha X OCHOBE.

3akaoyenue

Coderanne NPUHIWIIOB IBIDKEHHUS C HCHOJIH30BAHMUEM IMOJOXKHUTEIBHOTO BIMSHUSA
9KpaHHOTO 3¢ ¢exTa M BO3AYNIHOH MOAYIIKH B IPOEKTAX COBPEMEHHBIX CKOPOCTHBIX
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aM(UONHHBIX CYZOB MIPUBOAUT K HEOOXOAMMOCTH pa3padoTku oOmux «I[IpaBui mocTpoiku
U KIacCU(HKANA CKOPOCTHBIX aM(pHUOMHHBIX CYHOB», KOTOPBIE IOJDKHBI ONHMPATHCS Ha
CYIIECTBYIOIYyI0O HOPMAaTUBHYI0 0a3y C y4eToM HEOOXOIUMOCTH €€ pacUIMpEHHs,
00yCIIOBIICHHON HAKOIUIEHHEM HOBBIX HAyYHO-TEXHHUECKUX 3HAHUN 00 3TOM BHJIE TEXHHUKH.
Pa3zpaboTka enuHOW (OpPMaNN30BaHHON METOJMKH OCBHUJIETEIbCTBOBAHUS CKOPOCTHBIX
aM(pUOMHHBIX CyOB pa3nuuHbIX THIIOB — CBII, 3kpaHomIaHOB U CyJOB KOMOMHHUPOBAHHOTO
TUMAa — SBJISETCS JIOCTATOYHO CJOXKHOW 3ajaueif, OJHAKO, K TEKyHNIeMy MOMEHTY
c(hOpMHUPOBaH CYLIECTBEHHBIH HAYYHO-TEXHHYECKUI Oa3uc JUIsl ee pelIeHHsI.

B pabote BbIMONHEH aHaIM3 KiIacCH(UKAIMH apXUTEKTYpPHO-KOHCTPYKTUBHBIX THUIIOB
CyJIOB Ha BO3JYIIHOH MOAYIIKE W DKPAHOIUIAHOB, U MpEAJIOXKEHa eJuHas KiacCH(UKaius
CKOPOCTHBIX ~ aM(QUOWHHBIX CyOOB, BKIIOYas cyJa KOMOWMHHMPOBAaHHOTO  THIIA.
Krnaccudukanms ommpaercs Ha Hambosiee CyIIECTBEHHBIE KOMIIOHOBOYHBIC HPU3HAKH,
BEIIENAS B KadyeCTBE OCHOBHOW TMPOOJEMBI oOecredeHrs 0e30MacHOCTH SKCIUTyaTaluu
CKOPOCTHBIX aM(UOMHHBIX CyIOB KOMOWHHPOBAaHHOTO THIIA COYETaHHE TPeOOBaHWH MO
YCTOWYHMBOCTH IBHMIKCHUS Ha BO3AYIIHOM MOAYIIKE M HA PEXKUME SKPAHHOTO TI0JIETA.

Pa3paboTka o6mux mpasmi «IIoCTpOWKH U KITaCCUPUKAIIMA CKOPOCTHBIX aM(pUOUHHBIX
CYJIOB» TIO3BOJIMUT HE TOJBKO ONPEIEIUTh POEKTHbIE TpeOOBaHHs, HO U ITOMOYb N30€XKATh
OIKMOOK TMPOEKTHPOBAHUSI CKOPOCTHBIX aM(PUOMHHBIX CyIOB KOMOWHHPOBAaHHOTO THIIA,
HEOOXOAUMBIX Uil o0ecreueHns KPYTrJOoroAMYHON CBSI3aHHOCTH OTHIAJICHHBIX TEPPUTOPUIA
Apxruku, Cubupu u JlansHero Bocrtoka, Brimrodas nopTsl CeBepHOro Mopckoro myTH, ¢
KPYIHBIMH HACEJICHHBIMH MIYHKTaMH U IPOMBIIIICHHBIMU [IEHTPaMU.
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Annoranusi. ToHHeNIH B KOpITyce MaJlOMEPHOTO CyIHA SIBISIIOTCS OJHHM H3 CHOCOOOB
TIOBBIIICHNS] THIPOJUHAMUYECKUX XapaKTEpUCTHK. B paboTe W3JI0KEHBI pe3yiabTaThl
YHCIEHHOT'O MOAEIUPOBaHUS THIPOIUHAMUKY MaJOMEPHOrO CyJHa ¢ TOHHEJIEM B KOPMOBOI1
yacty AHuIa kopmoit D=250mm, D=375mM u D=420 MM npu ABHKEHHU CO CKOPOCTSAMH OT
10 M/c mo 22 m/c, 4TO COOTBETCTBYeT auamazony uucen Ppyma ot 2.090, mo 4.597 B
MIEPEXOHOM DPEXUME H PEKHUMEe YCTOHYMBOTO TiHccupoBaHus. I[lapamerpsl YHCIEHHOTO
MOJENUPOBAHMS, BKIIOYAs pAcUETHYIO CETKy, MOJedb TypOyJIeHTHOCTH U T.I.,
YCTaHABIMBAINCh Ha OCHOBAaHUH CPABHEHUS C PE3yNbTaTaMH MOMAENBHBIX 3KCIEPHMEHTOB,
KOTOpOE TIOKa3aJ0 XOpoIlee COBMAZeHWe. B pe3ynprare UYHMCIEHHOTO MOJEIHPOBAHHS
YCTaHOBJIEHO, 4YTO IOABJICHUE TOHHENEH MNPHUBOAUT K YMEHBUIEHUIO OCaJKd M YIja
i depeHTa, HO OJHOBPEMEHHO K MOBBILICHUIO CONPOTHBICHHs. Hawmydimime 3HayeHHs
THJIPOJAMHAMUYECKUX XapaKTePUCTUK IOJy4deHbl A ToHHens D=375MM. 3amedeHo, 4yTo
TOHHEJb TO3BOJISIET HOJIy4aTh BOJHBI OOJIbIIEil BBICOTHI, YeM CYIHO 0€3 TOHHENs, KOTOpbIe
MOTyT OBITH HCIOJIB30BAHbI I BOAHBIX BHAOB CropTa. Mcmonp3oBaHue ToHHENEH TpeOyer
TIIATENFHOTO OJHOBPEMEHHOTO ydeTa BCEX THAPOJMHAMUYECKHX OCOOEHHOCTEH KopIryca
MaJIOMEPHOTO TIIHCCHPYIONIETO Cy/IHA.

KiroueBbie cioBa: TOHHCJIb, BBIYUCJIIMTECJIbHAA ruapoauHaMuKa, TJIMCCUPOBAHUE,
TUAPOAUHAMUYCCKUE XapaKTECPUCTUKH, CONPOTHUBJICHHUEC, MAJIOMEPHOE CYAHO, MOJCIIBHBIC
UCIIBITAHUA
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Abstract. Tunnels in the hull of a boat are one of the ways to improve the hydrodynamic
characteristics. This paper presents the results of numeral modelling of the hydrodynamics of
a boat with a tunnel in the stern part of the bottom. The diameter of the tunnels was
D=250mm, D=375mm and D=420mm. Boat moving at speeds from 10 m/sec to 22 m/sec,
which corresponds to the range of Froude number raging from 2.080 to 4.597 in the transient
mode and stable planing mode. The parameters of numerical modelling, including
computational grid, turbulence model, etc., were established based on comparison with the
results of the model experiments showing good agreement. As a result of numerical
modelling, it was found that the appearance of tunnels leads to a decrease in draft and trim
angle, but at the same time leads to an increase in drag. The best values of the hydrodynamic
characteristics were achieved for the tunnel D=375mm. It has been noted, that the tunnel
produces higher waves than a vessel without a tunnel which can be used for water sports. The
use of tunnels requires careful consideration of all hydrodynamic properties of a planning
boat's hull.

Keywords: speed boat, tunnel hull, CFD, hydrodynamic characteristics, hydrodynamic
quality, hydrodynamic characteristics, planning regime, towing test.

BBenenne

Pasmuunble  YCOBHS OSKCIUTyaTallill MAaJOMEPHBIX CYOOB TPEOYIOT CO3IaHUsA
COOTBETCTBYIOIIUX (HOPM KOPITyCOB, BKJIIOYAIOIIHAE MPOMOJBHBIE M TONEPEUHBIC PEIaHbI,
TPaHIEBBIC TUINTHI, BBIIPSIMHATENN U T.1. Bce ATH 3IeMEHTH TaK WM HHAYE IMO3BOJISIIOT
YOPaBJIATH MOTOKOM HIKOCTH BOKPYT KOPITyca ¢ HENbI0 YIyUIICHUS] MOPEXOAHBIX Ka4eCTB
U TOTPEOUTEIBCKUX XapaKTCPUCTUK MAJOMEPHBIX CymoB. OIHUM M3 TaKHX 3JICMCHTOB
MOTYT OBITh TOHHEIH, PEACTABISIONINE COO0H CrienaNibHbIe 00TEKATESIU UIIM BHYTPCHHUE
KaHaJbl Ha KOPIyCce Cy/Ha.

YcTaHOBKa TOHHENEH Ha BBICOKOCKOPOCTHBIE Cy/Aa MOXET TIO3BOJUTh CHU3UTH
BOJIHOBOE M OpBI3rOBOE CONPOTHBJIICHUE 32 CYET CO3JIaHMSI 30H MOHIKCHHOTO IABJICHUS H
YMEHBIICHUS] HMHTEHCUBHOCTH JIOKAJIBHBIX TypOyNeHTHBIX Buxped. ToHHENMH MOTYT
MOBBIIATh YCTOMYMBOCTh Cy/AHAa MpPH PE3KUX MaHEBPaxX WM BO3JACHCTBUM BHELIHUX
(aKTOPOB, TAKUX KaK BOJTHOBBIC BO3JICHCTBHS U ITOPHIBEI BETPA.

OnHOW M3 MPUYMH HMCHOJb30BAaHUS TOHHEJIEH Ha MaJIOMEPHBIX CyJaxX B YCIOBHUSX
MEJIKOBOJIHBIX BOJIOEMOB SIBJISIETCSI MIOMBITKA 3AIIUTUTh JBUXHUTEIBHO-PYJIEBON KOMIUIEKC, B
MEpBYIO OYepeab BOJOMETHBIM, OT yIapoB M IUIABalOIUX NpeAMeToB. C 3TOH K€ LeNbIo
CYIIIECTBYIOT TOMBITKM YCTAaHOBKM TOHHEJEH HAa MaJOMEpHBIE CyAa C TpPaJUIMOHHBIM
[TOJIBECHBIM MOTOPOM M I'PeOHBIM BUHTOM (pHcC.1).

Puc. 1. BapuaHTsl TOHHENS B KOPMOBOW YaCTH MaJIOMEPHOTO CyIHA C IPeOHBIM BUHTOM (MCTOYHHUK
(dhororpadmuit https://spyship.ru/testy/zashhita-lodochnogo-motora-i-grebnogo-vinta-tunnelem.html)

PasMepH u (bOpMa TOHHCIIA JOJDKHBI ofOecrnieunBaTh IUIABHOE TNepeHanpaBJICHUC
MMOTOKOB  0€3 CO3JaHus  JOIIOJJHUTCJIBHBIX 30H C TIIOBBIMICHHBIM JAaBJICHHUCM WM
TypﬁyﬂeHTHOCTBIO, OAHAKO M3 MPAKTUKU U3BCCTHO, YTO MCIOJIB30BAHUEC 06BOI[OB
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OBICTPOXOIHBIX W CKOPOCTHBIX CYIOB C TOHHEISIMH HE BCETIa NPUBOIUT K IKEIAeMOMY
MOBHIIICHUIO THApoAnHAMIYecKuX XapaktepucTuk (I'/1X), mockonpKy mro0bIe M3MEHEHUS
(opMBI KOpITyca MPHUBOAAT K CIIO)KHOMY B3aUMOJICHCTBHIO MOTOKOB HA THUINE CyIOHA H
COOTBETCTBEHHO K IIepepacIpeesicHHIO TaBiIeHus. PexoMeHaamun mo pasMepam u Gopme
TOHHEJIEH AJIsl CYJIOB pa3HbIX pPa3MEpPEHHUI OTCYTCTBYIOT.

MHorue Hu3BECTHBIE HUCCIIEOBAHMS CKOPOCTHBIX CYIOB C TOHHEISIMH OTHOCSITCSI B
MEePBYIO0 OYepelb K MHOTOKOPIYCHBIM CyIaM — KaTaMapaHaM U TpUMapaHaM.

B 2013 r. Morteza Ghassabzadeh u Hassan Ghassemi [1] ¢ moMoOIIb0 MporpaMMHOTO
koMiuiekca CFD FLUENT 6.3 BbINOJIHWIM UCCIIENOBaHHE THUAPOJUHAMUKH CKOPOCTHOTO
TpumMapana mpu Fr ot 0,5 1o 4,0. B xone MonenupoBanus u3MeHsIach popMa TOHHENEH Ha
KopIryce TpuMapaHa. Pe3ynpraTsl paOOTHl IO3BOJIUIM ONPEACTHTH (OpMYy TOHHEINEH,
COOTBETCTBYIOIIYIO MUHUMAaJIbHOMY COIIPOTHBIICHUIO u HEOOXOAUMOMY
IKCIUTyaTallMOHHOMY yTiay nuddepenrta. IlpoBemeHHOoe B HambHEWIIEM CpaBHEHHE C
pe3ynbTaTaMd MOJCIBHBIX HCIBITAHWH B OIBITOBOM OacceiiHe [3] Mokasajgo XOpOIIyIo
cXoaUMOCTh. UWCICHHOMY H JKCIEPHUMEHTAIFHOMY HCCICAOBAHHIO BO3MOJKHOCTH
yiyamerns ['IX MaxoMepHOTo TIHUCCHPYIOMIETO TpUMapaHa, KOPITyC KOTOPOTO BKIIOYAET
JIBA TOHHENIA MPSIMOYTOJNBHON (opMbl, mocBsmieHa padora [3]. B crathe ommcaHb
pe3yNbTaThl MOJIETUPOBAHMS THIPOJNHAMUYECKOTO B3aUMOJICHCTBHS TOHHEJEH KopIityca ¢
HOCOBO# OKOHEYHOCTBIO pa3in4yHoi Gopmbl B nuanazone yucen Opyna 2,1-4,72 nns cynna
C LIECThIO CTENEHsMH cBOOOBL. [loxoxue nccnenoBaHus ObUTH BBINOJIHEHBI B padoTax [4-
7]. Onenke rUApOAMHAMHUKH OJHOKOPIIYCHOTO CyJHa C JABYMSI TOHHEISIMH B KOPMOBOM
gacTh TmocBsmieHa pabora Florin Pacuraru, Andreea Mandru m Adham Bekhit u
VYuusepcurera ['anana [8]. B paboTe olleHNBaIOCh H3MEHEHHE COTIPOTHBIICHHUS, CMOYCHHOM
MOBEPXHOCTH, yrina anpdepeHTa W OCamKd INPH YBEITHYCHHH CKOPOCTH. Pe3ympTarhl
YHCJICHHOTO MOJEIHUPOBAaHUS TIIOKa3ald, YTO TOHHENbF B KOPMOBOH YacTH HHUINA HE
OKa3bIBACT CYMICCTBEHHOTO BIUSHHUS B XapaKTCPUCTHKH CYIOHA, a HCKIIOYCHHEM 30HBI
MMOHMKCHHOTO [IABJICHUS Ha JHUINE, YTO MOXET ONarompusATHO BIHATE Ha pabotry
JIBIKUTENA. B TO ke BpeMs mcciaenoBaHUE BBIMOIHEHO it ckopoctel oT 10 mo 40 ymos
(18-75 kmM/4) ¢ GOJBLIONW AUCKPETHOCTHIO (8 TOYEK), YTO HE MO3BOJHIIO B JOCTATOYHOMN
CTENeHN HCCIIeNoBaTh MepexoaHyro obnacte. Kak mokazaHo B pabortax [9,10] maxe
HECYIIECTBEHHOE M3MEHEHHE TEeOMETPHUH KOpIyca MallOMEPHOTO TIIHMCCHPYIOLIEro CyaHa
MIPUBOANUT K HM3MEHEHHIO ero ruapoauHammueckux xapaktepuctuk (I'J[X), uro Tpebyer
0oJjiee JeTaTbHOTO MOJETUPOBAaHUS KaK MO JHama3oHaM CKOPOCTEH, TaKk W MO BapHaHTaM
reoOMEeTpHUeCKuX MapameTpoB. ClegoBaTeIbHO, BOIPOC WCIONB30BAHUAS TOHHEIBHBIX
00BoI0B utst moBBIIeHUST ['J[X CKOPOCTHBIX MAaJOMEpHBIX CYIOB OCTACTCS aKTyalbHBIM.
[MosToMy Tenpl0 HAcTOAIICH pabOTHl ABIsETCA ONeHKa u3MeHeHwms [ J[X ckopocTHOTO
MaJIOMEpPHOTO CY/HA C TOHHEJISIMH Pa3HOTO pa3Mepa.

1. O0BEeKT ¥ MeTOAbI HCCJIe0BAHUS

CoBpemeHHbIM  MeTozioM  omeHkH [JIX  MaJoOMepHBIX CKOPOCTHBIX  CYJOB,
MO3BOJISIIOINMM HE TOJIBKO HU30exaTh MacmrabHoro 3ddexra 3a CYeT HCIOIb30BAaHU
reOMETPUH KOpIlyca B HATYPHYIO BEJIMYMHY, HO U TIOJYyYUTh JOMOJHHUTEIBHYIO
nH(popMaINIO 0 THAPOJANHAMUKE CY/HA, HAPUMED, pacipeeieHie TaBlIeHUs [0 KOPIycy,
ABIsieTcs BeraucauTenbHas ruapoanHamuka (CFD) [8]. st nccimenoBaHus THIPOAMHAMUKI
MaJIOMEPHOTO  TIIMCCHPYIOIIEro Karepa C TOHHEJIEM B KOPIyCce HCIIOJb30BaJICs
nporpamMMHsIi Komruiekce FineMarine™, pesynbraTel MosieTMpOBaHUs CKOPOCTHBIX CYJIOB B
KOTOpPOM, TOKA3aJIM XOPOIIIEe COBIA/ICHHE C MOJEIBHBIMU U HATYPHBIMH JKCIIEPUMEHTAMHU
[8,9]. B ocnose FineMarine™ nexur merom RANS nsa pemenus auddepeHIHaIbHbIX
YpaBHEHUI JABHKEHHS KUIKOCTH.

HccnenoBanace reoMeTpus Kopiyca Karepa, Uil KOTOpOH paHee OBUIM HpPOBEIEHBI
MoJienbHbIe  ucnbITaHus (puc. 2). ToHHenb pacmosiarajiicss B KOPMOBOM YacTH Karepa,
IUaMeTp TOHHENs B Tpoliecce HccienoBaHus wm3MeHsuics (tabn. 1). Ilomepednsie u
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MIPOJONBHBIE PelaHbl Ha Kopiryce orcyTrcTBoBanmy. Ouenka miMeHenns ['JIX mpoBommnachk
CpaBHEHHEM C KOHTPOIEHBIM MOJCITHPOBAHNEM KaTepa 0e3 TOHHEIA.

Puc. 2. 'eomeTpust kaTepa. a) HCXOIHBINA KOpIyc; 0) Kopmyc ¢ ToHHenIeM D=420 mMwm.

Tabnuya 1
XapakTepuCTHKH MOJIeJTHPYEMBIX KOPIYCOB KaTepa
1. JluameTp TOHHENs!, MM 0 250 375 420
2. Koopaunate!r LIT
X 1.77 1.77 1.77 1.77
y 0 0 0 0
Z 0.884 0.71 0.69 0.712
3. Macca, kr 1501 1501 1501 1501
4, Marpuia HHEpLHH, KI*M?
Ly 908.70 874.82 873.54 878.91
Iy 4755.027 3560.84 3558.26 3557916
I,, 5231.52 4074.001 4072.657 4067.829
Ly, =1y 0 0 0 0
I,=1, 7.488 109.17 107.674 173.553
Ly = Iyy 0 0 0 0
5. Havanbeusiit muddepenr, 0.0243 0.021 0.021 0.02
rpan
6. HauanpHas ocanka, M 0.2 0.2 0.2 0.2
7. CkopocTb, M/c 10, 12, 14, 16, 18, 20, 22
8. Yucna Opyna 2.090, 2.508, 2.925, 3.343, 3.761, 4.179, 4.597

2. YucienHoe MOJd€JIUPOBAHUEC THIPOAUHAMUKH I'NTUCCUPYIOLIET0 KaTepa ¢ TOHHEJIAMHU

[TapameTpsl pacueTHOIl CETKM BBIOMpAINCh Ha OCHOBAaHWH CPABHEHHUS pE3yNbTaTOB
YUCIIEHHOTO MOJIEIMPOBAHUS C MOJEIBHBIMU HCTIBITAHUSAMHU KaTepa [9]. Mcmomp3oBanioch
TpH BapHaHTa HECTPYKTYPHUPOBAHHON pacyeTHON CETKH pa3indHOH mioTHocTH (puc.3). Kak
MIOKa3aly pe3yJbTaThl OIIEHKH CETOYHOW CXOIMMOCTH, HanbOoiee OJNM3KHE K MOJEIbHBIM
pe3ynbTaThl IOKa3aja pacyeTHas CeTKa cpefHed IIoTHocTH (puc. 3) ¢ pa3pemeHueM
NOrpaHudHOro ciost He Oonee 10. DTO MO3BOJIMIIO 3KCTPANOIMPOBATH PE3YJIHTATHI
YHUCJIEHHOTO MOJIEITMPOBAHMS ISl BHIPAOOTKH OOIIMX IOAXOAOB K IIOCTPOCHUIO CETOK ISt
MaJIOMEpHBIX CYAOB AHAJOTHYHBIX DPa3MEpOB, IBIDKYIIUXCS B aHAJIOTHYHBIX YCIOBHAX.
[TockonbKy IpH YBENWYEHHWH CKOPOCTH JOJS TPEHHA B OOIIEM COMPOTHUBICHUH IS
CKOPOCTHBIX CYAOB CHIDKaeTcd, TO Y+ TpUHUMAaJcsS paBHBIM He Oomee 200 u
COOTBETCTBYIOII[EE  pa3pelIeHHe IOTPAHWYHOTO CJOS CETKOH OBIJI0  MHHHMABHO
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HEOOXOIUMBIM - 4-9 ypoBHeH paspemieHns. [lapaMeTprl pacdeTHBIX CETOK IJIsl YHCICHHOTO
MOJCIUPOBAHUS THAPOIUHAMUKH KaTepa ¢ TOHHESIMH IIPUBE/ICHBI B Ta0I. 2.

Kax mnpaBmio, [uii Oojiee TOYHOTO MOJEIUPOBAHMS IIOTOKOB B 00NacTsax ¢
CYIICCTBCHHBIMH M3MCHCHMSAMH XapakTepa IOTOKa HEOOXOIUMO JONOJIHHTEIbHOE
U3MENbUCHHE CETKH.

—2343000
—1487278
—4039472

30

— Sucnepumest

o
S

Cuna conpotueneHun, H

=
=3

o

I I
5.56 9.72 1112
CropocTs KaTepa, M/c

Puc. 3. CpaBHeHHE pe3ynbTaTOB MOJAECIHPOBAHMS HA PA3HBIX CETKAX C Pe3yIbTaTaMU MOJEIBHOTO
JKCIEpUMEHTA

Tabruya 2

ITapameTpbl pacyeTHBIX CETOK

Paszpemenue
TIOTPAHUYHOTO CIIOS

1. HauganpHas ceTka 40x8x16

2. AnmanTanus

naryba

TOHHCJIb

JHHALIE

TpaHell

0OpT M CKyJIa

cB00O/IHAs! TOBEPXHOCTh

0 (00 |ON |00 [N |ON |
O |~ |O [\

3. JlokanpHas aganTanus MOTOKa B KopMme (OOKC
2x2x0,3m)

4. OO0I1ee YnCIIo TUeeK
-MCXOJIHBIN KaTep 0e3 TOHHEeIst 2886372
- ToHHENs d=250MM 2785343
- ToHHEIb d=375MMm 2795729
- ToHHeb d=420MMm 2854382

[Ipeanonaranoch, 4YTO TpPH JBIKCHWM Karepa TOHHENb OyAeT co3/1aBaTh
JIOTIOJTHUTENbHOE BOJIHEHWE M OpbI3TH, B KOPMOBOH dYacTH Oblla NPOM3BEAEHO
JIOTIOJTHUTEIBHOE M3MENIbUCHHE CETKH C MOMOIIBIO IPSIMOYTOJbHOW 00NacTu pasMepamu
2x2x0,3 M B paiioHe cB0OOHOI oBepxHOCTH. KpoMme Toro, 10MOIHUTETLHOE N3MEIbYECHHUE
CETKU OBLIO BBIIOJTHEHO W B 00JIACTU CaMOTO TOHHENs. Pe3ynbpTupyromias pacyeTHasi CETKa
MIpUBeIeHa Ha puc. 4.
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0)
Puc. 4. Bug pacdeTHoil ceTKH: a) IPOIOJIBHOE CEUCHHE 0) MOMEePEYHOE CCUCHHE
Jlns  MojenupoBaHMsS —HCIOJB30BAJIaCh KOMOWHAIMS TPAaHUYHBIX  YCJIOBUH IS
cUMMeTpu4HOro Tena (puc. 5., Tabn. 3), moaTBepkacHHas uccienoBanueM [9]. s Oonee

TOYHOTO pacueTa THMAPOJMHAMUYECKOIO cllela 3a CYOHOM pacueTHas oOsacTh Oblia
YAIMHEHA B KOPMY Ha BEJIMYUHY MOpsiKa 3,51IMH KopITyca KaTtepa.

Outlet

Puc. 5. 'paHnyHbIE YCIOBHS Ha TPAHAX PacyeTHOH 00IacTH.

Tabauya 3
I'pannyHbIe yc10BUS HA TPaHIX PACYeTHOI 00JacTH

I'panu Tun rpaHUYHOTO YCIOBUS

Bepx u gro (Top and bottom) “Prescribed pressure” > “Updated hydrostatic
pressure”
Beixoa-Bxoa-6okoBas rpanb (Outlet, Side, “Far field” (velocity components equal to zero)
Inlet)
ITnockocTh cummerprn (Mirror) “mirror” (symmetry)
Koprnyc karepa all solids — “Wall function”
[Tamy6a “Slip” (zero shear stress)

ITockonbKy TriaMccUpOBaHME MAJIOMEPHOIO CyAHAa COIMPOBOXAAETCS CYIIECTBEHHBIM
HM3MEHEHHEM ero MOCaJ K, B MEepPBYI o4epelnb ocaikd U AuddepeHta, MOJCIMPOBAIOCH
CYyIHO C TpeMs CTEleHsIMH CBOOOJBI: [JBIDKCHHE BIEPEl, BCIUIBITHE, BpAalICHUE
OTHOCHUTEJIHO TOoTIepeYHON och. Macca kaTepa BO BCeX CIIydasix OblIa TIOCTOSTHHOH, CYTHO
M3MEHSUIO CBOE TOJIOKEHHE MOJ NEHCTBHEM THAPOAWHAMHYECKHX CHWI. MojaeInpoBaHUe
BBIMIOJTHAJIOCH B HECTAIIMOHAPHON ITOCTAaHOBKE C WCIIOJIB30BAaHMEM JOTOIHHUTEIBHBIX
Mozeneil Ans KOPPEKTHPOBKM MJABIICHWS HA IOBEPXHOCTH KOPIyca M KOMIICHCALIUU
M3MEHEHHUsl MOJOoXeHUs cyaHa. CxeMa JIUMCKpPETH3aluu [0 BpEeMEHH - 2 TOpsSAKa Hazal.
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OnHMM W3 YCIOBHH aJE€KBATHOCTH PE3YJILTATOB YHCICHHOTO MOJICIHPOBAHUS SBIIICTCS
BBIOOp MoIeNH TYpOyJICHTHOCTH. B HacTosmiei paboTe Ha OCHOBaHHWHU PaHEe BBITOIHEHHBIX
nccnenoBannid  [9] wmcmomp3oBamack  «K-o  SST» momems  TypOyNeHTHOCTH  C
MPUCTEHOYHBIMH (HYHKIHSIMH.

3. Pe3ysabTaThl 1 00Cy:KIeHUE

B pesynpTare MOIENMPOBaHUS ONPEAEISINCh: 3HAYEHUS CHJIBI CONPOTHUBICHUS HU
TIOJITbEMHOM CHJIBI, Oca/iKa 1 yroi auddepenTa, Ionags CMOYEHHOH TOBEPXHOCTH.

Heo0xoauMO OTMETUTB, YTO HECMOTpPS Ha pPsii UCIOJIb30BAHHBIX JOMOJHUTEIBHBIX
MoJiesield AJIst IBYX ciydaeB (0e3 TOHHEISI M ¢ TOHHEJIEM TUaMeTpoM 375 MM) NpH CKOPOCTH
10 M/c BBIIIOJIHUTH MOJAENUPOBAaHUE HE yAajoch. Kak mokasan aHamu3 pe3ysbTaToB, B 3THUX
CIIydasx MPOUCXOIUIIO Pe3K0e YBeNUUeHUs yria auddepeHra kaTepa u MOCIeqyIomee ero
YMEHBIICHUE 3a KOPOTKUE MPOMEXYTKH BPEMEHU B JECATHIE M COTHIE JOJIU CEKYHHBI.
[Toxoxee mOBeAeHHE MaIOMEPHBIX CYOOB OBLIO HEOMHOKPATHO 3aMEUYCHO B HATYPHBIX
YCIIOBHSIX, U OTHOCHUTCS K TPYAHO MOJIECIUPYEMBIM U OOBIYHBIX KOPaOENBHBIX 3a1ad,
¢usndeckuM mpobieMaMm, TPeOYIOIUM HCIIONB30BAHUS MOJENEH yaapa O IMOBEPXHOCTH
KUAKOCTH. B ocTampHBIX ciydasx MPOUCXOOWJI BBIXOJ CyJHAa Ha YCTOWYMBOE
IJIMCCUpPOBaHKe Mpu Fr>2, KOTOpOE CONMPOBOXKAAIOCH YMEHbIIeHHEM yria nuddepenta u
ocanku (puc. 6 u puc.7). I'paduku usmeHeHus ocanku (puc.6) MOKa3bIBAIOT, YTO KaTep C
TOHHEJSIMU JICHCTBUTEIBHO O0JaJaeT MEHbIIEH OCaJKOH, [0 CPAaBHEHUIO C OOBIYHBIMH
00Bomamu. Hanbosbiliee YMEHBIIICHHE OCAIKH MPOUCXOIUT MPU AUaMeTpe ToHHeas1 D=375
MM Ha 33-37 mpoIieHTa OT OCaJKH KaTepa 0e3 TOHHENS B TaKuX ke ycsoBusx. Ocanku mpu
D=250 u D=420 MM npyr OoT Apyra oTIH4arTcsa mano. I'papukn mis D=250 MM comeprxaT
H3JIOMBI TIPH CKOpOCTsAX 16 m 18 m/c, mpuuem u3I0M Trpaduka U3MEHEHHS OCAIKUA TaKKe
MIPOUCXOIUT y KaTepa 0e3 TOHHEIS IMpH CKOpPOCTH 20 M/C M MOXKET CIYKUTh MPHU3HAKOM
HadaJda HEYCTOWYMBOTO PEKUMa [BIKCHUS (PUKOIICTHPOBaHU:A). Pacdersl s maHHOM
TOYKH BBINOJHSJIMCh IOBTOPHO U MOKAa3aJIM, YTO JAHHBI MUHUMYM Ha KPUBOM JJIsl KOpITyca
0e3 TOHHENS HE SBIIETCS OIMIMOKOW YUCICHHOTO MOJICITUPOBAHUS U SBICTCS XapaKTePHBIM
i katepa 6e3 ToHHens. Ilo Bcel BHOMMOCTH, B psAAe ClIydyaeB TOHHENIb B KOpILyce
MaJIOMEpPHOT0 Cy/IHA MOKET OJIaTONPHUATHO BIUATH HAa THAPOJAMHAMHUKY MaJOMEPHOIO CyAa
3a c4eT mepepacipeeNieHus JaBIeHUs 10 TOBEPXHOCTH €ro KOpITyca 1 MO3BOJISIET H30eraTh
OTIACHBIX HEYCTOWYHBBIX PEKUMOB JABHKCHHUS.

Jlnst Bcex BapHaHTOB KOPIYCOB cyaHa JAUGQEpPeHT NpH YBEITUYEHHH CKOPOCTH
yMeHbIIaeTcs (puc.7) U Ui TOHHEIBHBIX 00BOJOB CTaOMIM3UPYeETCs MpU CKOpocTix 16-18
M/C, HO yBENHYUBAeTCsA U1 Kopiyca Oe3 ToHHensd. [lpu ckopoctax meHpmmx 10 m/c
mupdepeHT B KOPMY JIOCTHUTaeT 3HA4eHWH 5 w® Oollee TpaaycoB, UYTO MOXKET
CBUIETENBCTBOBATH 00 m3nuiHeM cMmeneHnd L[T cynHa B kopmy. D10 TpeOyeT mepecMoTpa
nonoxenns LT no mimHe cynHa, B TOM YHCJIE, BO3MOXHO, HCIIOJIB30BAaHUS HHOM
KOMITOHOBKH KaTepa.

UucneHHoe MOJENIMPOBAHHME MOKA3aJl0, YTO OAHUM M3 OTPULATENIbHBIX IMOCJIEICTBUN
YCTaHOBKH TOHHEJEH B KOPITyce MaJOMEPHOTO CY/HA SBISIETCS CYIIECTBEHHOE YBEINICHUE
conpotuBieHuss (puc. 8-10). Ilpum Bcex amamerpax TOHHENEH pOCT COMPOTHUBICHUS
MIPOUCXOIUT OBICTpee, YeM aJis kKaTepa 06e3 TOHHeNs. BeTuunHBI MOJHOTO CONPOTHUBICHUS
JUIA TOHHeNEeH BceX IMaMeTPOB MPEBBIMAIOT CONPOTHBICHHE KaTrepa 0e3 TOHHENS Ha
BennuuHy 0T 14 mo 36 mporeHToB (puc. 8(a)). MuHHMaIbHAs BEIHMYHMHA OTHOCHUTEIHHOTO
COIIPOTHBIICHHSI HAOJIIOAAeTCsl y Karepa ¢ TOHHENeH IuaMeTpoM 375 MM IIpU CKOPOCTSIX
oonpmmx 14 m/c. JanHbid (akT mo Bcell BUAMMOCTH OOBSICHSCTCS 1O BCEH BHIUMOCTH
MEHBIIIEH, YeM Y OCTaJbHBIX TOHHEJEH IUIONIaJ b0 CMOYCHHOW moBepxHocTH (puc. 10),
IpuYeM HEeO0O0XOIMMO OTMETHTh, 4YTO IUIOIIAJb CMOYEHHOHW ITOBEPXHOCTH KaTepa 0e3
TOHHEJISI MEHBIIIE BO BCEX CIy4asiX, YeM Y TOHHEJIbHBIX 00Boz0B (puc.10). Eciu cpaBHUBaTH
CKOPOCTh POCTa CONPOTHBIIEHHS, TO HA OCHOBaHUH PaOOTHI [9] MOXKHO OTMETUTD, YTO JIJIS
AQHAJIOTUYHOTO KaTepa C TUAPOIBDKEH, KOTOpas TakKe MO3BOJSIET YMEHBIIHNTH OCAJKY,
BEJIMYMHA COIIPOTHBIICHHUS BO3PACTAET 3HAUNTEIFHO ME/IJICHHEE M HAa MEHBIIYIO BETHUNHY.
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PaccmoTtpenue pacnpeneneHus )XUAKOCTH 10 KOPIYCY CyJHa IIOKa3bIBAET, YTO TOHHENb
crocoOCTBYeT «IIOJCOCY» BO3Myxa mox aHumie karepa (puc. 11 m 12), koTopsrit Hanboee
uHTeHCUBHO mpoucxonut mpu D=375 mm. [lomoOGHble 3(peKkThl MOTYT OBITH BBI3BAHEI
HEePU3UIECKUMH  OMMOKaMH  YHCJIEHHOTO  MOJEIHPOBaHUS, dYTO  HOTpeOOoBaio
UCIIONIb30BaHMS JOTIOIHUTENBHBIX MOJIETIel KOMIIEHCAIIMU CTPYH BOKpYT Kopiyca. B psine
Clly4aeB YMEHBILICHHE TUIOLIA I CMOYEHHON MOBEPXHOCTH 32 CUET IMOSBJICHUS BO3/lyXa 110/
JTHHIIEM TI0JIE3HO, MOCKOJIBKY MPUBOJHUT K CHHKEHHUIO CONPOTHBICHHS, OJHAKO MY3bIPHKH
BO3/lyXa MOTYT IPHBOAWUTb K BO3HUKHOBEHHIO KaBHTAallMM I'peOHOTO BHHTA IOJBECHOTO
JIBUTaTEJIS.

[Tpu rnuccupoBaHny Karepa 0e3 TOHHENS IOJbEMHasl CHila 00ECIIeYHBACTCSI KOPILYCOM
U B MCHbIIEH CTeleHH OOpPTOBHIMH pepaHamu. s KaTepa ¢ TOHHEISIMH CMOYEHHAs
MOBEPXHOCTh paclpeeeHa MeHee PpaBHOMEPHO € CYLIECTBEHHBIM IIEPEX0I0M HaBICHUS HA
OoproBble pemanel (puc. 11-13). Ha kpomkax ToHHenmel HaOMomal0TCs 00JacTH
NOHMKCHHOTO [JaBJICHHUS, KOTOPBIE MOTYT HPHBOJUTh K BO3HUKHOBEHHIO OTPBIBHBIX
TEUCHUH.
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Puc. 11. [Tnomans cMOYCHHOM TOBEPXHOCTH KaTepa MpH CKOPOCTH U = 22 MM/c (BH[ Ha THO): a)
D=0; 6) D=250 m™; B) D=375 Mm; 1) D=420 MMm.
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Puc. 12. [Tnomaas cMOYEHHO TOBEPXHOCTH KaTepa IPH CKOPOCTH U = 22 MM/C (BUI Ha OOpPT): a)
D=0; 6) D=250 mm; B) D=375 mm; 1) D=420 mm.
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Hysragynanie Frassure
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Puc. 13. Pactipepenenne ruipoAMHAMUYECKOTO IaBICHUS [0 TIOBEPXHOCTH JAHHIIA KaTepa mpu
ckopoctr 22 M/c: a) D=0 mm; D=250 mm; D=375 mm; D=420 mm.

NUMECA st NUMECA elevaion

a Ii
8)
Puc. 14. BoiHOBOI ciie ipy IBHXKEHUH KaTepa co CKopocThio 22 m/c: a) D=0 mm; D=250 mm; D=375
MM; D=420 mm.

4. 3aka04eHne

B cratbe mpencTaBiieHBI pPe3yNbTATHl WCCICAOBAHUS BIHSHUAS TOHHENCH B JIHUILE
MaJIOMEPHOTO Cy/IHAa Ha €ro TUIPOJNHAMHUKY METOJIaMU BbIYMCIUTEIBHON MHIPOTHHAMHKH.
Hcnonp3oBanuck ToHHENU amameTpoB 250, 375 m 420 MM, pe3yiapTaThl MOJEIHPOBAHUS
CPaBHHUBAIKCH C TUAPOJANHAMUYECKIMH XapaKTEPUCTUKAMH KaTepa 0e3 TOHHES.

B pe3ynbTare YUCICHHOTO MOJEIMPOBAHUs ObUIM MONYyYeHbI BEIHMYHHBI a0COIFOTHOTO
COINIPOTHBIICHHSI, HM3MEHEHUs] Ocaiku u yrioB auddepeHta, IUIOMAIH CMOYCHHOM
ITOBEPXHOCTH.

PesynbTaThl  YHCIEHHOTO  MOJCIMPOBAaHUS  IOKa3ald, YTO TOHHEIh BHOCHUT
CYIICCTBEHHBIC W3MEHECHHS B THAPOJMHAMUKY MAaJOMEPHOTO CY/IHA, CYIISCTBCHHO
YBEJIMYMBAs COMPOTHBICHHE, W B pPsje CIy4yaeB CHOCOOCTBYS CHHKCHUIO OCAJKH U
YMCHBIICHUIO YTIIOB muddepeHTa. Bo3MOXKHO MONOKHUTEIBHOES BIMSHAC TOHHEIS Ha
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OTIAaCHBIE PEKUMbBI MaJOMEPHBIX CyJOB, TaKHEe Kak pHKomeTuposaHue. Kpome Toro,
TeHEPUPYEMbIE TOHHEISIMU BOJIHBI MOTYT OBITh HCIIOJIB30BAHBI VISl BOJHBIX BHIOB CIIOPTA.

C npyroif CTOpOHBI, TMOJyYCHHBIC PE3YNbTaThl HCCIEIAOBAHUS ITOKA3bIBAIOT, YTO B
o0memM cirygae MpocTasl MHTErpanysi TOHHEISI NMPOCTOW MHTErpalyeil B KOPMOBYIO 4acTb
KOHKPETHOTO MAaJIOMEpPHOro CyJHa HE BCerja NPHUBOAUT K  YIYYIIEHHIO €ro
THJPOJMHAMUYECKUX XapaKTepucTuk. TpeOyercs TmiatenbHas mpopaboTka OOBOJOB ¢
YU€TOM BCEX 3JIEMEHTOB, KOTOPbIE MOTYT U3MEHSTh THPOANHAMUKY KOPIIyca MaJIOMEPHOTO
CyJHa, B TOM YHUCJIe TIEPECMOTP KOMIIOHOBKHU TaKOT'O Cy/Ha.

Cnucok JuTepaTypbl

1. Numerical Hydrodynamic of Multihull Tunnel Vessel. Morteza Ghassabzadeh, Hassan
Ghassemi. Open Journal of Fluid Dynamics, 2013, 3, 198-204
http://dx.doi.org/10.4236/0jfd.2013.33025 Published Online September 2013
(http://www.scirp.org/journal/ojfd)

2. Ghassabzadeh M, Ghassemi H, Determining of the hydrodynamic forces on the multi-hull
tunnel vessel in steady motion, J of the Brazilian Society of Mech. Sci & Eng., 2014, 36(4),
697-708.

3. Numerical Prediction of Hydrodynamic Performance of Planing Trimaran with a Wave-
Piercing Bow. Guangsheng Su, Hailong Shen, Yumin Su. Journal of Marine Science and
Engineering. Volume 8 Issue 11 Pagination 897 ISSN 2077-1312

4. Roshan, Fatemeh, Abbas Dashtimanesh and Rasul Niazmand Bilandi. “Hydrodynamic
characteristics of tunneled planing hulls in calm water.” Brodogradnja, 71(1): 19-38.

5. Reza Yousefi, Rouzbeh Shafaghat and Mostafa Shakeri. “High-speed planing hull drag
reduction using tunnels”. Ocean Engineering, Volume 84 July 2014, Pages 54-60.

6. Hamid Kazemi Moghadam, Rouzbeh Shafaghat. “Numerical Investigation on the Effect of
Tunnel Height on Drag Reduction in a High Speed Trimaran”. INTERNATIONAL
JOURNAL OF MARITIME TECHNOLOG, IJMT Vol.5 Winter 2016 (55-62)

7.  Jiangming Ding, Jiabing Jiang. Tunnel flow of a planing trimaran and effects on resistance.
Ocean Engineering, Volume 237, October 2021, 109458.

8. Pacuraru, Florin, Andreea Mandru and Adham S. Bekhit. “CFD Study on Hydrodynamic
Performances of a Planing Hull.” Journal of Marine Science and Engineering (2022): n. pag.
Sci. Eng. 2022, 10(10), 1523; https://doi.org/10.3390/jmse10101523

9. UYeban, E. }O. UccnenoBanue BIUSHUS HEKOTOPBIX 0COOEHHOCTEH (hOPMBI KOPITyCOB
TIIMCCHPYIOLIMX CY/IOB Ha MX CONPOTHUBIEHHUE uncieHHbIMU MeTofamu / E. 0. Yeban, /1. B.
Hukymenko // HayaHo-TexHnueckuii cOopHHK Poccuiickoro Mopckoro perucrpa
cynoxoznctia. — 2017. — Ne 48-49. — C. 59-69. — EDN ZULPNP.

10. HccnenoBanue BIUsHUS GOPMBI KOPMOBOW OKOHEYHOCTH MAIIOMEPHOTO CY/IHA Ha €T0
rugpoanHamuydeckue xapakrepuctuku / E. 10. Yeban, O. B. MaptemssHOBa, M. 1O.
[onsmoga, A. A. MonbkoB // Hay4ansie npoGiemsl BogHOTO TpaHcmopTa. — 2023, — Ne 76. —
C. 75-88. —DOI 10.37890/jwt.vi76.388. — EDN SNYZTL.

11. 3emckos, E. A. MccnenoBanue BIUsSHIS TOHHETBHOW KOPMBI Ha THAPOAUHAMUKY
masiomepHoro cyana / E. A. 3emckos, K. B. Eropuenkos, E. 0. Ueban // TpancmopT.
T'opusonTsI pa3ButHs : Tpyasl 5-ro MexayHapoJHOTO Hay4YHO-TIPOMBIIIIEHHOTO (opyMa,
Hwuxuuii Hosropoa-HoBocubupck-Bnagusocrok, 20-23 mas 2025 roxa. — Huwkuuit
Hosropon: Bomkckuii rocy1apcTBEHHBIH YHUBEPCUTET BOAHOTO TpaHcmopTa, 2025. — C. 78.
— EDN GVXVNV.

12. YwmcneHHBIE METO/IBI B MEXaHUKE KUIKOCTH: yaeOHoe nocobue / [I.B. Hukymenko. —
Cankr-IlerepOypr: Usn-so CIIBI'MTY, 2025. — 144 c. ISBN 978-5-88303-720-6

References

1. Numerical Hydrodynamic of Multihull Tunnel Vessel. Morteza Ghassabzadeh, Hassan
Ghassemi. Open Journal of Fluid Dynamics, 2013, 3, 198-204
http://dx.doi.org/10.4236/0jfd.2013.33025 Published Online September 2013
(http://www.scirp.org/journal/ojfd)

2. Ghassabzadeh M, Ghassemi H, Determining of the hydrodynamic forces on the multi-hull
tunnel vessel in steady motion, J of the Brazilian Society of Mech. Sci & Eng., 2014, 36(4),
697-708.

81


http://www.scirp.org/journal/ojfd
http://www.scirp.org/journal/ojfd

Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

3. Numerical Prediction of Hydrodynamic Performance of Planing Trimaran with a Wave-
Piercing Bow. Guangsheng Su, Hailong Shen, Yumin Su. Journal of Marine Science and
Engineering. Volume 8 Issue 11 Pagination 897 ISSN 2077-1312

4. Roshan, Fatemeh, Abbas Dashtimanesh and Rasul Niazmand Bilandi. “Hydrodynamic
characteristics of tunneled planing hulls in calm water.” Brodogradnja, 71(1): 19-38.

5. Reza Yousefi, Rouzbeh Shafaghat and Mostafa Shakeri. “High-speed planing hull drag
reduction using tunnels”. Ocean Engineering, Volume 84 July 2014, Pages 54-60.

6. Hamid Kazemi Moghadam, Rouzbeh Shafaghat. “Numerical Investigation on the Effect of
Tunnel Height on Drag Reduction in a High Speed Trimaran”. INTERNATIONAL
JOURNAL OF MARITIME TECHNOLOG, IIJMT Vol.5 Winter 2016 (55-62)

7. Jiangming Ding, Jiabing Jiang. Tunnel flow of a planing trimaran and effects on resistance.
Ocean Engineering, Volume 237, October 2021, 109458.

8. Pacuraru, Florin, Andreea Mandru and Adham S. Bekhit. “CFD Study on Hydrodynamic
Performances of a Planing Hull.” Journal of Marine Science and Engineering (2022): n. pag.
ar. Sci. Eng. 2022, 10(10), 1523; https://doi.org/10.3390/jmse10101523

9.  Cheban E.Yu. Study of the effect of a speed boat hull design on water resistance by
numerical methods / Cheban E.Yu., Nikuschenko D.V. // "Research Bulletin" by Russian
Maritime Register of Shipping — 2017. — Ne 48-49. — p. 59-69. — EDN ZULPNP.

10. Study of the influence of the vessel stern shape on its hydrodynamic characteristics / Cheban
E.YU., Martmianova O.V., Polyashova M.YU., Mol'kov A.A. // Russian journal of water
transport — 2023. — Ne 76. — p. 75-88. — DOI 10.37890/jwt.vi76.388. — EDN SNYZTL.

11. Zemskov E.A. Study of the influence of tunnel aft on the hydrodynamics of light craft /
Zemskov E.A., Egorchenkov K. V., Cheban E.Yu. // Transport. Gorizonty razvitiya : Trudy
5-go Mezhdunarodnogo nauchno-promyshlennogo foruma, Nizhnij Novgorod-Novosibirsk-
Vladivostok, 20-23 maya 2025 goda. — Nizhnij Novgorod: Volzhskij gosudarstvennyj

universitet vodnogo transporta, 2025. — S. 78

12. Chislennye metody v mekhanike zhidkosti: uchebnoe posobie / D.V. Nikushchenko. —
Sankt-Peterburg: Izd-vo SPbGMTU, 2025. — 144 s. ISBN 978-5-88303-720-6

NH®OPMAIIUA OB ABTOPAX/INFORMATION ABOUT THE AUTHORS

Ye6an Erop FOpbseBuY T0KTOp TEXHUIECKUX
HayK, IOLEHT, nmpodeccop Kaeapol
THIPOJINHAMHUKH, TCOPUHU KOPAOIS U
JKOJIOTHYECKO# 6e3onmacHocTH cynos, PI'EOY BO
«Bomkckuii rocy1apcTBeHHBI YHUBEPCUTET
BOJHOTO TpaHcrnoptay, 603905, Huxuuii
Hosropox, Hecteposa 5, e-mail:
egor.cheban.2@gmail.com

Huxymenko JImutpuii BragumupoBuy,
mpodeccop, JOKTOp TEXHHYECKUX HaYK, Mpodeccop
kagenps [IprknaaHoi MaTeMaTHKU 1
MaTeMaTU4ecKoro MojenupoBanus, CaHKT-
[TerepOyprckuii rocyaapcTBEHHbIH MOPCKOi
TexHUuuecKkuit yausepcurtet, Cankt-IlerepOypr, yi.
Jlonmanckas, 3, 190121, e-mail: Ndmitry@]list.ru

MounbkoB Anexcanap Anapeesud, Ctapmmit
Hay4YHBIA cOTpyIHHUK, JIabopaTopust onTuaecknx
MeTo0B (221), Otnen paguodu3nIecKinx METo10B
B ruapodusmke (220), «DenepanbHblit
uccie0BaTeabCKUN eHTp MHCTUTYT npuKIagHON
¢m3ukn Poccuiickoit akanemun Hayk» 603950, r.
Hwxuuit Hosropon, BOKC-120, yn. YnesHoBa, 46,
molkov@ipfran.ru

Egor Yu. Cheban, Dr. Sci. (Eng), assistant
professor, professor of Department of
Hydrodynamics, Ship Theory and Environment
Safety of Ships, Volga State University of
Water Transport, 603905, Nizhny Novgorod,
Nesterova 5, e-mail:
egor.cheban.2@gmail.com

Dmitry V. Nikushchenko, professor, Dr.Sci.,
professor of department of applied mathematics
and mathematical modelling, vice-rector for
research, St. Petersburg state marine technical
university, Lotsmanskaya st., 3, St. Petersburg
190121, e-mail: Ndmitry@list.ru

Aleksandr A. Mol'kov, Senior Researcher,
Optical Methods Laboratory (221), Department
of Radiophysical Methods in Hydrophysics
(220) Federal Research Center Institute of
Applied Physics of the Russian Academy of
Sciences (IAP RAS) 46 Ul'yanov Street,
Nizhny Novgorod, 603950, Russia,
molkov@ipfran.ru

Cratps noctynmia B pegakmuio 06.02.2026; npuasaTa k myonukarun 26.02.2026;
omy6mukoBana onmaitH 20.03.2026. Received 06.02.2026; published online 20.03.2026.

82


mailto:egor.cheban.2@gmail.com
mailto:egor.cheban.2@gmail.com
mailto:Ndmitry@list.ru

Hayunvte npoonemul 600n020 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

CY/IOBOE DOHEPI'ETUYECKOE ObOPY/IOBAHHE

SHIP POWER EQUIPMENT
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KonuenrtyanbHble MOeIH HAEHTH(PUKAIIUN IAPAMETPOB
TYpPOHHBI TYPOOKOMIIPECCOPa CYI0BOI0 JU3€EJIsl

A.H. Bepaauk
ORCID: 0000-0003-4043-8085
Tuxookeanckuil 2ocyoapcmeennblil yHugepcumem, 2. Xabaposck, Poccus

AHHOTanusl. PaccMOTpeHBI OCHOBHBIE MNPHUYMHBI BBIOOpA HAMIYUIINX TI'€OMETPHIECKUX
apaMeTpoB TepPMOTa30JUHAMHYECKON JacTH TypOHHBI TypOokoMIpeccopa
KOMOMHHMPOBAHHOTO CYIOBOTO JIH3€Ns, a TaKXKe ONTHMAJIbHOTO YIpaBIeHHsS PadouuMu M
KOHCTPYKTHBHBIMU HapaMeTpaMH TypOHHBI TypOOKOMIIpeccOopa, BIHMSIOIIMMU Ha TEXHHKO-
HKOHOMHYECKHE ITOKa3aTenn KOMOMHUPOBAHHOTO CynoBOro an3eins. O603HaYeHBI TOIXO0IbI K
HACHTU(UKAINY TapaMeTpPOB, XapaKTepU3YIONIMX paboTy TypOWHBI TypOokomIpeccopa —
0e3 ydeTa oxXJaxIeHHs TYpOMHBI M C y4eTOM OXJIaXIeHus TypOuHbL IlokazaHa cucrema
YpaBHEHUH, ONHUCHIBAIOLIAS MPOLIECCHl B HEOXJIAKIAEMOW M OXJIAKIaeMOH TypOuHe.
Hcnonp3ys Teopuio mogo0us, COCTaBIEHAa MaTPHUIIAa TAPAMETPOB, XapaKTEPU3YIOIUX padboTy
TypOHHBI C TOYKH 3pEHUs BHAa pabodyero Tema, TEPMOTa30MHAMHYECKOrO IIpoIiecca,
KOHCTPYKTHBHBIX OCOOCHHOCTEH TypOMHBI M peXUMOB ee paboTel. [IpexcraBieHEI
BO3MOJKHOCTH YIPABICHUsI pabOTOH TypOUHBI IyTeM M3MEHEHHUS] TEOMETPHH €€ IPOTOYHOM
YaCTH C IeJbI0 TIOBBIMECHUS 3P QEeKTHBHBIX IMOKa3aTeIell CyJOBOTO JU3eNs C ra30TypOMHHBIM
HaJUTyBOM Ha Pa3IMYHBIX PEeXKUMaX ero paboThl.

KuouyeBble cioBa: CynoBOil Ju3enb; TypOOKOMIIpeccop; TypOHMHA; MPOTOYHAs 4YacTh;
WACHTH(UKAINA; yIIpaBICHUE; TEOPHS TIOA00NS.

Conceptual models of identification the parameters turbine of
turbocharger of marine diesel engine

Aleksey N. Berdnik
ORCID: 0000-0003-4043-8085
Pacific National University, Khabarovsk, Russia

Abstract. The article examines the key factors in selecting the optimal geometric parameters
for the thermogasdynamic section of a turbocharger turbine for a combined marine diesel, as
well as the optimal control of the turbocharger turbine's operating and design parameters that
influence the combined-cycle marine diesel engine's performance. Approaches to identifying
the parameters characterizing turbocharger turbine operation are outlined, both with and
without turbine cooling. A system of equations describing the processes in an uncooled and
cooled turbine is presented. Using similarity theory, a matrix of parameters characterizing
turbine operation in terms of the working fluid type, thermogasdynamic process, turbine
design features, and operating modes is compiled. Potential for controlling turbine operation
by varying the geometry of its flow path is presented, aimed at improving the performance of
a turbocharged marine diesel engine in various operating modes.

Keywords: marine diesel engine, turbocharger, turbine, flow path, identification, control,
similarity theory.
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BBenenne

KiroueBbIMH ~ KOMIIOHEHTaMH  COBPEMEHHBIX CYIOBBIX IM3€NEH, OCHAIIEHHBIX
ra30TypOMHHBIM HaJAyBOM, SIBIISIOTCS CaM ITOPIIHEBOH JBUTaTENlb BHYTPEHHETO CTOPAHUS 1
Typ6okommpeccop. TypOokoMiipeccop, B CBOIO odepenb, 00beauHIeT TypOuHYy (0CEBOTO
WIN PajnalIbHO-OCEBOTO THUIA) M LEHTPOOEKHBIH Komrpeccop. DopcrpoBaHHEe CYIOBBIX
nmseneil mo cpemHeMy 3¢ ()EeKTHBHOMY IAaBIICHHIO P, 32 CUET ra30TypOMHHOTO HagayBa
obecrieunBaeT KauyeCTBEHHBIII POCT BCEX €ro TEXHUKO-DKOHOMHYECKHX IOKa3aTelseil.
OCHOBHBIM YCIIOBHEM 3TOTO pPOCTa SIBISIETCS BBICOKAS 3()(EKTHMBHOCTH pabOThl TYpOMHBI
TypOokommpeccopa. ONbIT NMPOEKTUPOBaHUSI TYpOUH arperaToB HaJaayBa JJsl HOPLIHEBBIX
JBUTATENICH BHYTPEHHETO CrOPaHMs, UX MAOBOJKH M COTJIACOBAHUS C MOPIIHEBOH YacThIO
JBUTATENIl BHYTPEHHETO CTOPAHWS HA PA3NMYHBIX PEXHMMaX AKCIUTyaTallMd ITOKa3bIBacT
CYIIECTBEHHOE BIMSHHE TCOMETPUH TPOTOYHOH wacth TypOmHb, Kak ©Ha KIIJ
TypOoKoMIIpeccopa, Tak U Ha 3 PEeKTUBHBIE TIOKA3aTEeIN CyI0BOTO IU3EIIS.

Takum oOpa3zom, 6e3 TOYHOW ONTUMU3ANHN PadOTHl TYpOUHBI TypOOKOMITpeccopa Mo
KOHKPETHBIH 3KCIUTyaTallHOHHBII PEXHUM pabOTHI CyIOBOTO Iu3els W 0€3 BO3MOXKHOCTH
yIpaBjieHUs ee MapamMeTrpaMl HEBO3MOXHO obecreunTs 3(PQeKTUBHOCT paboyero
mporecca cyaoBoro ausens. IlosToMy «HacTpoiika» TypOUHBI IO 3aJaHHbBIE YCJIOBUS
9KCIUTyaTallid CYAOBOTO JU3elsl M BO3MOXKHOCTh HICHTU(QHKALUH [apaMeTpOB,
XapaKTePU3YIOIUX e¢ paboTy, KPUTHICCKH BaXKHBI JUI OOCCIEUYCHUS BBICOKHX TEXHHKO-
HKOHOMHUYECKUX M 3KOJIOTUUECKUX TTOKa3aTeNneil Cy0BOro IU3ems B LEIOM.

Hcxonast ©3  BBINIEH3IIOKEHHOTO, LEIbI0 HCCIENOBAaHUs  sBIsieTCsl  oTpaboTka
TEOPETHUYECKUX BOIPOCOB, CBA3AHHBIX C HWACHTH(UKAIHEHl HapaMeTpoB OXJIaXTaeMOH U
HEOXJaXIaeMol TypOMHBI TypOOKOMIIpeccopa CyIOBOTO IH3€lsl C Tra30TypOMHHBIM
HAJUIyBOM U YIpPaBICHHEM MapaMeTpaMH MPOTOYHOM 4YacTH TYpOMHBI C LEINBIO
3G (QEKTUBHOTO HCIONB30BAaHMSA CYIOBOTO IHM3EIs HAa pasIMUHBIX pEKHMax €ro
9KCIITyaTaIHy.

Pe3y.]1]>TaT]>I HCCIea0BaAHUA

MHoronapaMeTpoBble XapaKTEPUCTUKH CYJOBOTO JU3€Nsl, Ta30BOH TypOWHBI U
LIEHTPOOEIKHOTO KOMITpeccopa TOKa3bIBAIOT, YTO KAXKIBIA M3 OTHUX D3JEMEHTOB HMEET
JIOCTaTOYHO Y3KYyI0 30HY HamOoliee SKOHOMUYHOU paboThl ¢ BhICOKMM 3HaueHueMm KII/I.
Jdust obecniedenust HauOomblei 3(PPEKTUBHOCTH CYIOBOTO IM3ENsS C Ta30TypOMHHBIM
HaJIyBOM OTHU 30HBI HeO6XOI[I/IMO COBMECTUTb — COrJlaCcoBaThb XapaKTCPUCTHUKU
TypOOKOMIIpeccopa U CyA0BOTo au3eis. JloctaTouHo mpocTo 3Ta 3agada peraeTcs: TOJIbKO
JUIT HOMHHAJIBHOTO ¥ ONM3KUX K HEMY PEXHMOB WM JJIsI HEKOTOPOTO BHIOPAaHHOTO
YaCTHYHOTO PEXHMMa, HallpUMep, PeKMMa MaKCUMaIbHOTO KpyTsmero Momenra. IlomHoe
COTJIacOBaHME KOMIIpeccopa, CYMOBOTO JAW3eNs M Tra30BOM TypOumHBI mpu paboTe Ha
Pa3MYHBIX PEKUMaxX BO3MOXKHO TOJIBKO IPH HCIIOJIb30BAaHWM H3MEHSEMOH T'€OMETpHH
MIPOTOYHOH YacTH TypOOKOMIpeccopa 1 (a3 ra3opacipeiefieHns CyI0BOT0 AU3EIs.

OnpIT CO3/JaHN U COBEPHICHCTBOBAHUA CY/IOBBIX unseneﬁ C Fa30Typ6I/IHHI)IM HaJl1TyBOM
IOKa3ajl  HELeNecoOOpa3sHOCTh  HCHOJB30BAHUS  LEHTPOOEKHBIX  KOMIIPECCOPOB  C
HM3MEHSeMON TeoMeTpHel NPOTOYHOH YacTH, a HauOoJbIlee BHHUMAaHHE OBIIO YAEIECHO
peryiIupoBaHuIo Ta3oBbIX TypOuH [1-5]. B HacTosiee BpeMst 3aa4a THOKOTO aaliTHBHOTO
YHpaBJIeHUS pabOYNM MPOIECCOM CYAOBOTO TU3ENS C ra30TypONHHBIM HAITYBOM HE MOXKET
ObITh pemieHa O3 WCIONB30BaHUA TypOOKOMIIpeccopa C M3MEHSEMOW T€OMETPHH
IIPOTOYHOI 4YacTH ra3oBOW TypOMHBI M HM3MEHSEMBIX (a3 ra3opaclpesielieHusi CyJ0BOTO
azens. B cBoro odepenb, HMAeHTH(UKAIMSA IapaMeTpPOB Ta30BOM TypOWHBI SIBIIsIETCS
HEOTHEMJIEMOH YacThIO ONTHUMAIBHOTO YIPABJICHUS PabOdnNM MPOLECCOM CYIOBOTO JN3EIs
¢ ra30TypOMHHBIM Ha/ITyBOM Ha Pa3IMYHBIX PEKHMMax €ro SKCIUTyaTalHu.

OmpeneneHne  ONTUMAJIBHOW  KOHQUIypanMd  MPOTOYHOH  YacTH  TypOWHBI
TypOoKOMIIpeccopa M BBIpaboTKa HambOomnee 3(PGEKTUBHBIX 3aKOHOB €€ YIPaBICHUS
TpeOyIoT 00s3aTeTLHOTO MIPUMEHECHHS MaTeMaTHIeCKOTO MOJCIUPOBAHUS
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OKCIUTyaTaI[MOHHBIX ~ pPEXHMOB W  TApaMeTpoOB CyOOBOTO  Om3ens. B paMkax
MaTEeMaTHYECKOTO MOJICIUPOBAHMS, CYIOBOM IH3€Nlb, OCHAMIEHHBIM Ta30TypOMHHBIM
HA/ITyBOM, pacCMaTpHUBaeTCcs KaK KOMIUIEKCHAas TEePMOTa3ofMHAMHUUYECKas CHcTeMa. OTa
cucTeMa BKITIOYAET B ce0s IOCIIeI0BAaTEIFHOCTh B3aUMOCBSI3aHHBIX KOMIIOHEHTOB: pabounit
LWIMHAP IOPIIHEBOTO JBUIaTeNisi BHYTPEHHETO CrOpaHUs, BBIIYCKHOI TpyOOmpoBo,
TypOuHa, HEHTPOOESKHBII KOMIIpEccop, OXJIaIuTeNb HaIyBOYHOIO BO3ayXa (€cian TaKOBOM
YCTaHOBJICH) U BILyCKHO TPyOOIPOBOI.

B Hacrosimiee BpeMsl  CYIIECTBYIOT HECKOJIBKO  METOJOB  MaTeMaTHYeCKOro
MOJIeNIMpOBaHus pabouero mnpoluecca MNOPIIHEBOTO JBUTATeNsl BHYTPEHHEIO CTOpPaHUs
(KBa3MCTaLlMOHAPHBIH METOJ, METOJ XapaKTePHCTHK, METOJ YEIWHEHHBIX BOJH KOHEYHOU
aMIUTUTYZBI). Bce OHM MIMPOKO MpeNcTaBIeHBl B METOINIECKON M HaAYIHOH nuTepaType [1,
6-8]. [ToaTomy B HacTosIIel paboTe OHM HE PacCMaTPUBAIOTCSL.

[Ipu cucreMHOM TMOAXOAE€ K TPOCKTHPOBAHHIO CHUCTEM Ta30TYpOMHHOTO HaJIIyBa
MIOPIIHEBOTO IABHUTATENs BHYTPEHHETO CTOPAHHS Ba)KHOE MECTO 3aHIMAaeT MaTeMaTHIecKoe
MOJIeNMpOBaHIe pabodnX IPOILECCOB, MPOUCXOIAMNX B TypOMHE, TaK KaK B JalbHEHIIEM
MPaKTHYeCKUH YCIeX MeToJa WACHTH(QHKAINK HANpSIMYI KOPpETHUpyeT C YpPOBHEM
MaTeMaTHYeCKOTr0 MOJISTUPOBaHHs pab0OUUX MPOLECCOB B TypOUHE.

PaccMoTpuM /Be KOHLENTYyalbHbIE MOJENN HASHTU(QHUKALUH I[apaMeTpOB TYpOUHBI
TypOoKOoMIIpeccopa — 6e3 yueTa OXJIaXKACHUS TYPOUHBI U C YUETOM OXJIAXKICHHS TYPOUHBI.

IlepBas mozens (0e3 ydera OXJIaXACHUS TypOWHBI) MpPEACTaBISIET COOOM CHCTEMY
YPaBHCHUH, OMKCHIBAIOIIYIO MPOIECCHI B HEOXJIAXKIAEMON TypOUHE, T. €. TaK Ha3bIBACMBbIii
KBa3HMCTAIlIOHAPHBIN METOI:

- ypaBHEHHE SHEPTUU
du., da, daa,

e
- ypaBHEHHE pacxoja (MaccoBOro OanaHca)
dG, dG, dG,
dt — dt dt’

- YpaBHCHHUE COCTOSAHUS
pTVT = GTRI‘TT'

rae U, — monHas BHYTPEHHsIsi DHEPrHs ra3oB B TypOuHe; hq, h, — dHTajbmus ra3os
COOTBETCTBEHHO Ha BXOJie B TYpOMHY W Ha BBIXOJIE U3 TypOuHBI, G, — pacxoj ra3oB 4epes
Typbuny; G;, G, — pacxo] ra3oB COOTBETCTBEHHO Ha BXOJie B TypOMHY M Ha BBIXOJE H3
TypOWHBI; p, — aBlIeHHE Ta30B B TypOuHE; V;, — 00beM MpoTouHO# yacTh TypOuHBI; R. —
ra3oBast IOCTOSIHHAsI [UIS BBIITYCKHBIX I'a30B; T, — TEeMIIepaTypa ra3oB B TypOuHe.

Tak xak U, = u,G, = ¢, TG, rae u, — yneiabHasi BHYTPEHHsSS HHEpPrusi ra3oB B
TypOuHe; ¢, — yJeJbHas TEINIOEMKOCTh I'a30B B TYpOHMHE IPU IIOCTOSIHHOM 00beMe, TO

dUﬂl dGm dT:n
=cT —*+c G —* (1
dt dt dt
YpaBHeHHe pacxoaa (MaccoBoro OajiaHca) MOXKHO MPECTABUTh KaK
dG, . .
=G, -G, (2)
dt

rae G; — CeKyHIHBIN PacxXoj ra3oB Ha BXoje B TypOuHy; G, — CEKyH/IHBIH Pacxol ra3oB Ha
BBIXOJIC U3 TYPOWHBI.

Torna c yaérom (1) u (2) ypaBHEHHE SHEPTHH MOYKHO IIPEACTABUTH B BUAEC
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: : dT , ,
T, (G -G,)+cG, —==hG ~-hG 3)
m 1 2 voom 171 272
dt
Tak kak sHTanbmMsA Ta3oB h = ¢, T, TIe €, — yIEIbHAsA TEMIOEMKOCTb Ta30B IIPH
MOCTOSTHHOM ~ JlaBieHuH,; 1 — TeMIepaTypa ra3oB, TO ypaBHeHHe (3) mocne
COOTBETCTBYIOIINX NPEOOpPa30BaHUi IPUMET BHUL:

drT G G. G, -G,
—'"ZTgkg—l—Y;k?—z—TmM (4)
dt G, G, G,

rzie k. — nokasareinb anuabathl I BBIYCKHBIX Ta30B; Ty — TeMIepaTypa ra3oB Ha BXOJIE B
TypOuny; T, — TeMmeparypa razoB Ha BbIXOJIE U3 TYPOUHEL.

Pacxon ra3oB uepe3 TypOHHY onpenenseTcs Kak

G, =u,p, \2H, Q)

e pf; — 3G(EKTUBHOE IPOXOJHOE CEUECHUE TYPOUHBL; Py, — IVIOTHOCTH Ta30B HA BBIXOJIE
u3 TypOuHbl; H, — anuabarHas pabota TypOUHBI.

Torna c yaérom (5) ypaBHeHHE (4) MOKHO TIPEACTABUTH B BUIC

— =Lk 1k -1, (6)
dt W.p, \2H, W, N2H. T whe, \2H,
[MpomuddepenHurporas ypaBHEHHE COCTOSHUS CUCTEMBI I10 BPEMEHH, OIy4YUM

v, dp, dG, dT,

dt dt dt dt
avy .
Tak kak B TypOuHe —; = 0, TO mocie COOTBETCTBYIOUIMX npeoOpa3oBaHuii

ypaBHeHHe (7) IpIMeT BUJI:
dp, RT dG, RG, dI,  p,k dG,6 p, dT,

= + e ®)

d V. d V. dt G dt T dt

m m
Torma ¢ yuérom (2) u (6) ypaBHeHwe (8) TOCIE COOTBETCTBYIOIIUX
peoOpa3oBaHuil MOKHO MPEACTABUTH KaK

de=pM+pEkG—{_p@k Gz _ G — G, -
dt TUﬂ'pgzv 2H, ' T: F“prgz 2H, ! I: r|>]f1'pg2\/ 2H, TIJprgz\/ 2H,
oy G Twy G
T ufipg,y2H, o ufipg,y2H,

Takum oOpa3om, cHCTEMy YpaBHEHHH, ONKCBHIBAIOIIYI0O NpoLEecChl B TypOuHE
(KBa3HMCTAalMOHAPHBIH METO]T) MOXKHO IPE/ICTABUTH B CIIEYIOIIEM BHJE:
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dr; Gy G (G] — G3)
=Tglkr——Tg2kr - T,

dt WP gy 2Hn WiPg/2He WP, /2H,

Jdor_ Ty G Twy G

- T r T r

dt T: HfTszv 2H, T p—f:rpgle 2H,

daG, , ,

dt =G —G;

OcHOBHast wujesl NapaMeTpuyeckod HACHTH(QUKALWYU 3aKI0YacTCs B ONpPEIeSICHUN
HEHM3BECTHBIX MapaMeTPOB, KOTOPbIE OOBIYHO MPUCYTCTBYIOT B MaTeMaTHYECKUX MOJEISIX
OUHAMUYECKUX  CHCTeM. B KOHTeKcTe  pacyeTa  XapaKTepHCTUKH  TypOMHBI
TypOOKOMIIpeccopa, ee MaTeMaTHYecKast MOZEIb SABJIASTCS IPUMEPOM TaKOH TMHAMUYECKOH
cucteMbl. JIJIi HAaXOXAEHHWS TOYHBIX WIM NPHEMJIEMBIX 3HA4eHHIl 3THX IapaMeTpoB
NPOBOJMTCA HMICHTHQHIUPYIOMMHA OSKCIIEPHMEHT, B XOAE KOTOPOTO aHAIU3UPYIOTCS
BXOJHBIC M BBIXOJHBIC CHUTHAJBI CHCTEMbL. TakuM 00pa3oM, BO3MOXKHOCTH ONPEICIHThH
napaMeTpbl CHUCTEMbl [0 M3MEPEHHMsSIM €€ COCTOSIHUSI SIBISETCS KpUTEpUeM  ee
UACHTUHUIUPYEMOCTH.

XapakTepUCTUKU TypOUH TypOOKOMIIPECCOPOB UMEIOT Bua N, = f(H,) u pf, = f(H,),
e N, — dddexrusnbiit KITJ Typounsr; H, — ko3 duuuent Hanopa Typounsi [2,9].

U3 ypaBHeHus (5) 3¢ dexTHBHOE MPOXOIHOE CEUCHUE TYPOMHBI MOKHO OTIPEIEIIUTH KaK

ify=—
T — - — )
2
Pg,V 2Hy  pg, Hyug
kr—1
kl‘ * ng kr * *
rne H, = ERrTgl 1- ﬁ ;Dg,» Ty, — JaBleHHMe W TeMIepaTypa
3aTOPMOXKEHHOTO MOTOKA ra3oB MEPE] TYpOUHOMU; pg, — CTATHYECKOE NABJIECHUE Ta3oB 3a
o TDp kN
TypOHMHOM; U; — OKpY>KHast CKOpPOCTh pabouero kojieca TypOHMHBI Ha BXOAE; U; = o0
Dy, IuaMeTp pabouero kxomeca TYypOMHBI; 1N — 4acTOTa BpalleHUs pPOTOpa
TypOOKOMITpeccopa.

Takum obpazom,

wfy = f(GT’ pgz:HT )

Ha ocnoBanuu ¢opmyisl Cronona-diroresnst BUIHO, YTO U3MeHeHHe G, 00YCIOBJIEHO
M3MEHEHUEM Dy , Ty, U Py, T. €.

GT = f(p21’T;1’p92)‘

Hasnenne pg, 0OBIMHO NIPUHMMAETCS PABHBIM JIABIEHUIO OKPYXKAIOIIEH CPENBI Py, T. €.
Pg, = Pa = const. Torma pacxon ra3os 4epes TypOuHy OyneT SBIATHCS (QyHKUMEH IBYX
rapameTpoB, T. €.

GT = f(p.;f T9*1)'

Pg,
R.Ty,’

Tax kak pg, = TO

pgz = f(pgz’ RF’ ng)

WK C YYE€TOM BBIIIECKA3aHHOT O

pgz = f(RF’ ng)'

Torma >¢dexTnBHOE NMPOXOAHOE CeYeHHE TYpOWHBI OyIeT ABIAThCA (QYHKIMEH ISTH
apaMeTposB, T. €.
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p'f;' = f(p21’T;1’ng’RF' kr)'

3aBucumocth 3ddexruroro KIIJ mns HeoxmaxmaaeMbIX TYpOWMH UMEET CICAYIOIIUI
Bux [9]:
T.lT = f(Ma Rea kl")s

rae M — gnciio Maxa;

M = TDp . 1 _
Ke—1~
60 |2k _pre (1 (Pe2) ®
k.—1"T°91 p*
r 91
Re — uncao Petinonpaca;
*
Re — Dore 1Pl
e= RT" ;
rtg, Hr
c; — abCoJIOTHAs CKOPOCTh Ta30B Ha BXOAE B TypOMHY; W, — KO3(h(UIUEHT

JMHAMUYECKON BSI3KOCTH TA30B.
Bropas mMonens (¢ yueToM OXJaXKICHHs TypOMHBI) IPEACTABISET COOOH CIEIyIOUIYIO
CHCTEMY YpaBHEHHH, OMMCHIBAIOIYIO IPOLIECCH] B OXJIAXKIaeMOH TypOHHE:
- YpaBHEHHE pacxoia

ke—1
kr
%:ufp LRT* 1-— Pg, :
T r * 4
dt 92 g . —1 "9 Py,
- YpaBHEHHE YHEPTUH C YIETOM TEII000MeHa
k—1
k
dL. Pg,

CUAE — Ty, = Tr)F

dt Py,
- YpaBHEHHE ABIKCHUS

dL, N _ mDp

qr Wt Ul = — 0 (c1u + HaCau),

rae o — Ko3(pPUIMEeHT TemI00TIaun OT Ta30B B CTEHKH TypOuHsl; T, — TeMIepaTypa
CTEHKH KOopIryca TypOHuHBI; F; — IUIOaab MOBEPXHOCTH KOPITyca TypOUHBI; €1, — OKPY)KHAsS
coCTaBIsTIONIass a0COMIOTHON CKOPOCTH I'a3a Ha BBIXOZE M3 COIUIOBOTO ammapara TypOWHBI;
U, — OKpYXHasi CKOpPOCTb pabodero Kkosieca TypOWHBI Ha BBIXOJE; Cp,, — OKpY)KHas
cocTaByIsIIONIas abCOMOTHOM CKOPOCTH r'a3a Ha BBIXOJE U3 pabodero xojeca TypOUHBI; L, —
CTETIeHb PagNaIbHOCTH KOJIeCa TypOUHBI.

Cremyer OTMETHTH, YTO PELICHHWE 3TUX ypaBHEHWIl B 00IIEeM BHE HA JaHHBIII MOMEHT
3aTpyaHuTensHO.  [loaTOMy, TIpM  HCHONB30BAaHUM  AKCIEPHUMEHTAIBHBIX  JaHHBIX,
MEPBOCTENIEHHON 3ajaueil CTAaHOBUTCSA ONPEAEICHUE YCIOBHUM, MpPU KOTOPBIX 3TU
Pe3yNbTaThl MOTYT OBITH AKCTPAIOIMPOBAHbI Ha JIPyTHe, aHAIOTHYHbIE npouecchl. Teopus
nojobust mpeasaraeT pemeHue 3Tod TpobneMbl. OCHOBHBIE NPUHIMUIBI MPUMEHEHHS
TEOPHUHU TMOJO0MS NMPU MOJIEIMPOBAHUM TEPMOTa30IMHAMHUYECKAX IMPOLIECCOB B arperarax
HaAQyBa IOPLIHEBBIX  JBHUrateled BHYTPEHHEIO  CropaHHMs  IPEACTaBIEHBl B
COOTBETCTBYIOIIEH auTepatype [10—12].

Bribop BenmmumHBI  Oe3pa3MEpHBIX  KOMIUIEKCOB — KPHUTEpHUEB MOJOOMS —
YCTAQHABJIMBAeTCd HAa OCHOBAHMU TaK Ha3blBaeMoOH Ti-TeopeMbl. llpu pemenun 3amay
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MEXaHHMKH JIOCTATOYHO YCTAHOBHTH YETHIPE IapaMeTpa C HE3aBUCHMON pPa3MEpPHOCTHIO:
mmHa L, macca m, BpeMs ¢ 1 Temriepatypa 7. Takum 00pa3om, MOKHO COCTaBHTH IIEpEUEHb
OCHOBHBIX  ONPEAECNAIOIINX IapaMEeTpoOB ISl  OXJIAKIAeMOH TypOHHBI, KOTOpBIC
MIpeICTaBJICHEI B Ta0M. 1.

Tabnuya 1
OcHoBHBIE ONpeIesIIoNINe MapaMeTPh AJIsl 0XJIAKIaeMOoi TypOUHbI
Ne
o/ HanmenoBanune mapamerpa O6o03HaueHne Pa3mepHoCTB
il
1 Jmametp pabouero kojeca D, L (M)
2 YacToTa BpalleHus pOTopa TypOoKoMIIpeccopa Ny t™! (mun1)
3 Bpewmst t t(c)
4 AOCoIIOTHAsE CKOPOCTB Ta30B Ha BXOZE B pabouee Kojieco ¢ Lt~ (w/o)
TYpOHHBI
5 [onHoe naBneHKe ra30B Ha BXOJIE B TypOUHY Pg, L~ me™
(xr/(m-c?))
TemnepaTypa 3aTOPMOKEHHOTO ITOTOKA Ia30B Ha BXOJE .
6 Tg, T(K)
B TypOUHY
7 JlaBnieHne MOTOKA Ta30B HA BBIXOJIE U3 TYPOUHBI Pg, L me™
(xr/(m-c?))
L¢3t
8 T"a3oBast moCTOsIHHAS JUTS BBITYCKHBIX Ta30B R 2/ (c? - K))
9 KoappuuuenT auHaMudecKkoi BI3KOCTH BBITYCKHBIX " mL™ 171
rasoB ’ (kr/(m - c))
10 Koa¢duireHT TerooTaaun oT BBITYCKHBIX Ta30B o Y
B CTEHKH TYPOUHEI (xr/(c3 K))
11 Koa¢duimeHT TenonpoBoJHOCTH BBITYCKHBIX [a30B A Lmt >~
i ((kr-m)/(c*-K))
12 VienbHas TEMIOEMKOCTb BBITYCKHBIX Ta30B PU c L2271
MOCTOSIHHOM JIaBJICHUM Pr (M?/(c?-K))
13 KoadduimeHT 0656MHOTO paCIIMpEHHsT BBITYCKHBIX 8. =1 (1/K)
ra3oB
14 TemnepaTypa CTEHKH KopIryca TypOHHBI T, T (K)
15 YckopeHnue cBoOOIHOTO NaieHus! g Lt=2 (M/c?)
HexoTtopbie U3 KpuTepres MO 00MS OUCBHUIHBI:
1. Iloxa3arens aanabaThl U1 BBITYCKHBIX T'a30B
My = Cp,/Cy, = &,/ (cp, = R) =k,
rae Cp, Cp, — COOTBETCTBEHHO YJCHbHAs TEIUIOEMKOCTh BBIIYCKHBIX Ta30B IIPU

MTOCTOSTHHOM JaBJICHUH U IIOCTOSTHHOM OOBeMe.
2. Kpurepuiit Maxa 1o okpyXHOH CKOpocTH pabodero xojeca TypOMHBI U, IpH k =
const

k-1
2k Pg, &k
T, = ul/ca/El = (T[DlnTK)/ 60 —RTg"‘1 1——== =M,

*

(k - 1) Pg,

TI€ C,; — YCIIOBHAs ajuabaTHas CKOPOCTh NOTOKA ra3oB, COOTBETCTBYIOIIAS IIOJHOMY
TeruIonepenany B Typoune H..

OcranpHbIE JEBATh KPUTEPHEB TMOAOOHMS MOTYT OBITh HAaWAECHBI HE3aBUCHUMO APYT OT
JIpyTa corjlacHO 001eH popMyJie T-TeopeMBbI:

89




Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

1. Kpurepuii Pelinonsaca

1/m3 = (D1C1pg1)/llr = (chlp;1)/(RT51 “F) = Re,

7€ Py, — IUIOTHOCTB BEITYCKHBIX I'30B Ha BXOJE B TypOHHY.
2. Kpurepuii Ditnepa

Ty = pgz/(pglclz) = (pngT51)/(p21C12) = Eu.

3. Kpurepuit Ctpyxans
Ty = Clt/Dl = Sh.

[Tpu pacuere TypOMHBI KpuTepuii Sh yunThIBaeTCS B BUJE XapaKTEPUCTUUYECKOTO YUCIia
U, /¢1, 06eCTIeYMBAIONIETO MOAO0OHE TPEYTONBHUKOB CKOPOCTEH.
4. Kpurepuit Hyccensta
Mg = aD; /A, = Nu.

5. Kpurepuii [panntist
1/1t; = weep /A = Pr

6. Kpurepuii ®ypre
g = at/DE = Wt)/(cp,pg,DF) = (A:tRT,,)/(cp s, D) = Fo,

e @ — Ko3QQUIMEHT TeMIepaTypOIPOBOAHOCTH; @ = A./Cp Py, -
7. Kputepuii Ilexne

1/mg = ¢;Ds/a = (¢1D1¢p pg,)/Ar = (e1D16p,05,)/ (ART,,) = Re Pr = Pe.

8. Kputepuit CrenToHa

o = o/ (€16p,Pg,) = (aRTy,)/(c1¢p,pg,) = Nu/Pe = St.
9. Kpurepuii I'pacroda
1/myy = (D3gB:(Ty, — T, )5, )/ (R*Tg,12) = Gr.

Takum 00pa3oM, MOXKHO COCTaBUTh MaTPHIy NapaMeTPOB, XapaKTepH3yIOWIUX padoTy
TypOHHBI IO TPEM €€ HampaBieHUsIM (Talim. 2).

Tabauya 2
IMapameTpsl, XapakTepu3yomue padoTy TYpOUHBI
[Tapamerpsl
6 KOHCTPYKITHU
Kpurepun pa oqer60 Tena TCpMOFaSOHI/IHaMI/IgCCKOFO 1 pexuMa pabOTHI
noxoous B TypOHHE mpoiiecca B TypOHHE TypOHHEL
T o }‘r Br p::h pgz T,*ql Cq TTW Dl N t
/////%///%

/////%/// /////////////////////// ////////////////
%/% ///////////////////////////// -

_

. mm

% % W W —
I I B | s
. Il @ B BB
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3alITPIXOBaHHEIMH OOJIACTSIMU IIOKA3aHBl COOTBETCTBHS KOHKPETHOTO IIapaMeTpa
paboTHI TypOHMHBEI OTIpeIeIICHHOMY KPUTEPHIO ITO100us:
— TmapaMeTpsl pabodero Tena B TypOuHe;
— [apaMeTpbl TepMOTra30JMHAMHYECKOT0 Ipoliecca B TypOHHE;
— TapaMeTpbl KOHCTPYKINH U PEKUMa paOOThI TYpOHHBI.

Ha ocHOBaHMHM BBIIEH3IOKEHHOTO MOXXHO KOHCTaTHPOBATh, YTO MapaMeTpaMmu
COCTOSTHHSI TYpOWHBI MM U3MEPSIEMBIMH ITapaMeTpaMH SIBISIOTCS: TOJHOE JaBJICHUE T'a30B
Ha BXOJI€ B TYpOMHY pg , CTATMYECKOE [ABJICHUE Ta30B 3a TYPOMHOH pg,, TeMmeparypa
3aTOPMOKEHHOTO IOTOKA ra3oB Ha BXoj€ B TypOuHy Ty , abCOMIOTHAS CKOPOCTH ra3oB Ha
BXO/ie B TypOMHY ¢;. MneHTHduIMpyeMbIMU NapaMeTpamMy ra3oB B TYpOHMHE SIBISIOTCS:
MOKa3aTenb aauadaThl A BBITYCKHBIX Ta30B k, yAenbHas TEMIOEMKOCTb Ta30B IPH
MIOCTOSTHHOM JaBIICHUU
Cp,.» T230Basi MOCTOSHHAS JUIA BBITYCKHBIX ra3oB R W kodpuuueHt Temiootnadn o. A
napaMeTpaMH YIpaBJIeHHUsI TypOWHOH SABIAIOTCS: AnaMeTp pabodero xomneca TypOuHBI D u
YacTOTA BPAIEHHUS pOTOPa TypOOKOMITPECCOPa Moy.

B BekTopHOIi (hopMe MaTpully IapaMeTpoB, XapaKTepH3YIOIMX paboTy TypOUHBI (CM.
Tabi. 1), MOXKHO NMPEICTaBUTh CIEAYIOIIUM 00pa3oM:

— BEKTOp MapaMeTpoB a = [cp, R, W, o, AL, B]T = const Win % =0;

T
BEKTOp COCTOSIHUS X = [qu 1 Pgy Tgy €1 TCT]

dx —_— * * .
i at f(p91’pgz'T91'C1'TCT)’

T d
-BEKTOp yNpaBJIECHUS U = [DP-KT’ n, t] WIH d—ltl =f (DP-KT’ n).

Crenyetr OTMETHTbh, YTO yNpaBieHUE paboTol TypOUHBI IPU TIOMOIIN W3MEHEHHMS Dp_KT
HE MPEJICTABIAETCA BO3MOXKHBIM. CrieioBaTenbHo, eciu Dy, OCTaeTcs HEU3MEHHBIM, TO
T

MOSIBIIICTCS. BO3MOXKHOCTh TMOKOTO M3MEHEHHs IapaMeTpOB MPOTOYHOW YacTH TYpOHHEI
MIOCPEICTBOM PErYIMPOBKH YIJIOB BXOJAa M BBIXOZA ITOTOKA Ta30B B COIUIOBOM ammapare u
pabodeM Koiece, a TakKKe pa3MEpoOB COIDIOBHIX JomaTok T. a. [1,2,4,59,13]. Takum
00pa3oM, MOXHO aJaNnTHPOBaTh TCOMETPHIO INPOTOYHON 4YacTW TYypOMHBI COBMECTHO C
YacTOTOM BpamieHus TypOoOKoMIpeccopa Ha 3aJaHHBIH pPEXHUM pabOTBl MOPIIHEBOTO
JIBUTATENs BHYTPEHHETO CropaHus C 1enbl0 3(QQEKTHBHOTO €ro HCHOIb30BAaHHUA Ha
Pas3IMYHBIX PEKUMAX SKCIUTYaTAIIH.

3akarouenue

AHanmu3 BBITOJTHEHHOM pPabOTHI MOKA3bIBAE€T, YTO B HACTOSIIEE BPEMsS OTCYTCTBYIOT
JIOCTaTOYHO OTpabOTaHHbIE MaTeMaTHYeCKHe MOJENH HJICHTH(UKAIMK [apaMeTpoB
HEOXJIAXKIaeMOll M oXJakaaeMoi TypOuMHBI TypOOKOMIIpeccopa C y4eToM crenuduku ee
paboThl B cOCTaBe arperara HajATyBa IOPIIHEBOTO IBUTATENsl BHYTPEHHETO CrOPaHHUS.
HecMoTpss Ha 3HaAuuTENbHBIE YCIEXHM B COBPEMEHHOM Tra30JMHAMUYECKOW TEOpUH,
NPAaKTHYECKOE pEelIeHHe psla 3afad B 00NacTiX JBUraTelecTpoeHHs M TypOOCTpOeHHS
OCTalOTCSl  3aTPYAHUTENBHBIMA  HCKIIIOYMTENBHO HA TEOPETHYECKOM YpPOBHE. OTO
00yCIJIOBJICHO JIBYMS KJIIOYEBBIMU (haKTOpaMHU: CIIOKHOM IeoMeTpuel MPOTOYHBIX KaHAJIOB
TypOMHBI M HECTAllMOHApHBIM  XapakTepoM  TEYeHWs  IOTOKa  Ta30B B
TEPMOTa30IMHAMUYECKOM TIpoliecce. AHAIN3 Pe3yNIbTaToB 00padOTKH SKCIIEPUMEHTAIBHBIX
JIAaHHBIX TIOKa3bIBaeT, YTO 0O€3 HCHONB30BaHUs TypOOKOMIIpeccopa ¢ HW3MEHSeMOMH
TeOMETpHEe TMPOTOYHOH YacTH TYpOMHBI  HEBO3MOXXHO JIOCTHYh  HAaWOOJIbIIEH
3 (HEKTHBHOCTH M SKOJOTHYHOCTH PabOThl TOPIIHEBOTO JBUTATENS C Ta30TypOMHHBIM
HaJJyBOM.

CremyeT OTMETHTH, YTO MOJYYCHHBIE PE3YNbTaThl HEJIb3sl CYNTATh OKOHYATEIbHBIMH,
TaKk KaK BO3JCHCTBUS HAa TEOMETPHIO MPOTOYHOIN YacTW TYpOMHBI M, COOTBETCTBEHHO, €€
ONTUMAJIBHOE YNPABJIEHHUE, XapaKTEPU30BAIUCh 3HAYUTEIBHOM JOJE€Hl sMIupusMa,
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ompenensieMoil Teopueil noxodus. MccnenoBaHus Ha MOXOOHBIX AMHAMHYESCKUX MOMEISX
TypOHH TypOOKOMIPECCOPOB XapaKTEPU3YIOT ONMH W3 BAaXKHBIX TAIlOB NMPOEKTHPOBAHHS
NPOTOYHBIX YacTedl arperaToB HaJUlyBa MOPLIHEBBIX NBHTAaTeledl BHYTPEHHEro CrOpaHMs,
00J1ajal0T ONpeeIeHHOW CaMOCTOATEIBHOCTEIO M B TO )K€ BpEMs, BO3IEHCTBYS Ha IpoLecc
NIPOCKTUPOBAHMsS, TPHUBOIAT K ONTHMAJIBHOMY pPELICHUIO BOIPOCOB, CBSA3aHHBIX C
ONTHMHU3alMEll MapaMeTpoB pPabOThl HEOXJNaXJaeMOW M OXJAXKIAeMOH TypOMHBI
TypOoKOMIIpeccopa.

TakuM 00pa3oM, MOXHO KOHCTaTHPOBaTh, YTO WJICHTU(QHKANMI NapaMeTpoB U
ONTHMAJIEHOE YINpaBJieHUe paboyrM IMpolieccoM TypOHHBI TypOOKOMIpeccopa MO3BOJISIOT
3G (QEKTUBHO DKCIUTyaTUPOBATh IIOPIIHEBOM JBUTATeIb BHYTPEHHETO CrOpaHus C
ra30TypOMHHBEIM HaJUTyBOM B 3aBUCUMOCTH OT PEAJIbHBIX YCIOBHUH €ro SKCIUTyaTallH.
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PacyeT U MpoeKTHPOBaHMeE CYI0BBIX OOKCKYJIEPOB

C.H. Baimyiaun

M.IO. Xpamos

Bonorcckuii 2ocydapecmeennsiil yHusepcumem 6001020 mparcnopma, 2. Husxcnuii Hoeeopoo,
Poccusa

AnHoTanus. Ha cynax npuMeHSIOT pa3andHble CIOCOOB! M CHCTEMBI OTBEACHHS TEIUIOTHI OT
IKCIUTyaTHPYIOLIUXCS JHEPreTHYeCKHX YCTaHOBOK. B mpolecce 3KCIIyaTanMu CyAOB
9KCIUTyaTallMOHHUKAMH OBUI OTMEYeH OBICTPBIH M3HOC MEXaHH3MOB M  YCTPOICTB,
OXJIOJKTAEMBIX 3a00pTHOI BOMOM, YTO NMPUBOAMIO K YAaCTHIM PEMOHTaM OCOOCHHO IPH UX
paboTe B MpHOPEXHBIX M MOPCKHX paioHax. CymoBianesblbl HECIH YOBITKH, CBSI3aHHEIE C
JOPOTOCTOSIINM  TEXHHYECKUM  OOCTyKMBaHMeM. B  pesymbrare chopmuposanack
MOTPEOHOCTh B YMEHBIICHHU BPEIHOTO BO3ICHCTBUS CONEHON BoAbl. OIHUM U3 PELICHUH -
YCTaHOBKA TETZIOOOMEHHOTO ammapar B 3a00pTHBIA smmK. L[enpio ero MoHTaxa sSBISETCS
YMEHBIIEHHE BPEJHOTO KOPPO3UOHHOTO BO3/ACHCTBHS BOBI HA OTBETCTBEHHBIE KOHCTPYKIUH
U MEXaHU3MbI CHCTEMBl OXJIAKACHHS TJIABHBIX M BCIIOMOTAaTENbHBIX ABUTATENEH, a Takxke
CHIDKEHHIO BPEIHOTO BO3JIEHCTBHUS AIIEKTPOXHMHUECKONH KOPPO3MH Ha OTBETCTBEHHEIC Y3JIBI
W MEXaHU3MBI, TTOBBIIIAsI IPH 3TOM IKOJIOTHYECKYI0 Oe30macHOCTh. IMEHHO 3TOT (akTop U
o0ycnaBIMBaeT UCHOJIb30BAaHUE HA COBPEMEHHBIX CylaX OOKCKYJIEpOB B KaueCTBE CHCTEMBI
oxJytakieHus. [Ipy mpon3BoICTBE OTEUSCTBEHHBIX M3/IEIHMI B3aMEH UMIIOPTHBIX HEOOXO0IUMO
YYUTBIBAaTh OCOOCHHOCTH palbOThl CylHAa ¥ JABWKEGHUS CpeAbl B TEIIOOOMEHHOM
IIPOCTPaHCTBE. B craTthe paccMOTpeHbI 0COOEHHOCTH pacdeTa U NMPOEKTUPOBAHUS CYJOBBIX
GokckynepoB. IIpennoskeHbl MeTOIbl IMPEABAPHTEIBHOTO ONPEAEICHHS THMAPABINYECKUX
XapaKTepUCTUK KaHalla, B KOTOPOM YCTaHOBJIEH CBOOOIHO-OMBIBAEMBIN TEIIIOOOMEHHBIH
anmnapat. [IpuBesieHbI pe3ysIbTaThl pacueTa Cyl0BOro OOKCKyIepa.

KroueBble ciioBa: nBHUratesb, TEIIIOOOMEHHBIH anmapaT, OOKCKyJep, KWHICTOHHBIN SIIIHK,
TPYOHBIN ITyUOK.

Calculation and design of marine box coolers

Sergey N. Valiulin
Michael Y. Khramov
Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. Various methods and systems are used on ships to remove heat from operating
power plants. During the operation of ships, it was observed that the mechanisms and devices
cooled by seawater experienced rapid wear and tear, leading to frequent repairs, especially in
coastal and marine areas. This resulted in significant costs for shipowners due to the need for
expensive maintenance. As a result, there was a need to reduce the harmful effects of
saltwater. One solution is to install a heat exchanger in the outboard box. The purpose of its
installation is to reduce the harmful corrosive effect of water on critical structures and
mechanisms of the cooling system of the main and auxiliary engines, as well as to reduce the
harmful effect of electrochemical corrosion on critical components and mechanisms, while
improving environmental safety. This is the main reason for using box coolers as a cooling
system on modern ships. When producing domestic products to replace imported ones, it is
necessary to consider the specific features of the ship's operation and the movement of the
medium in the heat exchange space. The article discusses the features of calculating and
designing ship box coolers. It proposes methods for preliminary determination of the
hydraulic characteristics of a channel in which a free-flowing heat exchanger is installed. The
results of calculating a ship box cooler are presented.

Keywords: engine, heat exchanger, box cooler, Kingston box, and tube bundle.
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BBenenue

Bcerpoennsie  60OpTOBBIE OXJAmUTENH Am3eNeil B 3apyOeHOM W POCCHIICKOM
CYIOCTPOCHHH TPHUMEHSIOTCS JOCTaTOYHO MMmMpoko. [IpudeM Ha poccuiickue cyga 1o
MIOCJIEIHETO BPEMEHHU yCTaHABIMBAINCH, KaK MPABHIO, OOKCKYJIEpPHl MHOCTPAHHBIX (HPM.
Cpenn nux otmetiin WEKA, GEA, BLOKSMA, DURAMAX u npyrue.

B Hacrosmiee Bpems IOCTaBKH 3apyO€XKHBIX OXJIAJUTENICH PE3KO COKPAaTHIINCh W
BO3HHUKJIA 3aJaya 3aMEHBbl O3TUX AallapaToB OTeYeCTBEHHBIMHU. IIOCKOIBKY pacueT u
NIPOEKTUPOBaHHE OOKCKYJEPOB BBIMOIHIETCSI CAMHUMH HM3TOTOBUTENSMH, KOTOpbIE HE
PacKpbIBAIOT CBOMX METOAMK, HEOOXOJMMO BOCIIOIHUTH 3TOT IPOOEI.

MeTtoasbl

C TOUKHM 3peHHs OpTaHW3allM{ IpoIlecca TEIIOOOMEHa OCHOBHAs OCOOCHHOCTH —
OOKCKYIIepOB-3TO CBOOOTHOE 0OMBIBaHUE 3a00PTHO BOIOI MEXTPYOHOTO IIPOCTPAHCTBA.

Ha puc. 1 cxemaTH4eckd noka3zaH OOKCKYJep B KHHTCTOHHOM SIIMKE CyIHA. YCIOBHO
CTpeJIKaMH OTMEUCHO HalpaBJIeHHE TeUSHHUsI 3a00PTHOI! BOJIBIL.

Puc 1. Cxema ycranoBku 60okckyinepa ¢pupmel WEKA B KHHTCTOHHOM SIIUKE CyTHA

Ilpu cpenneiit ckopoctu aBukKeHus cynHa 20 KMm/4ac BOjJa HAaTE€KaeT Ha MPOPE3H B
JHUIIE ¥ OOPTY CO CKOPOCTBIO 5,5 M/C, UTO COOTBETCTBYET CKOPOCTHOMY Haropy 15 kIla.
[Ipu mpaBUIBHOM HCHOJIB30BAHWU 3TOTO CKOPOCTHOT'O HAIOpa 3HEPTHUH 3a00PTHOHM BOMBI
OoJjee, YeM TOCTATOYHO IS OPTaHU3alUU ABIDKCHHS CPEIbl B MEXKXTPYOHOM MPOCTPAHCTBE,
IJIe CKOPOCTh IMONepedHoro oOTekaHus TpyO JomkHa coctaBiath 0,3...0,9 m/c. OmHako,
€CJIM Tpope3u B OOPTY M JHHIIC HE MMCIOT CICIUATBHOW MPOQHUIUPOBKHU U CO3IAHHS
o0yacTeil MOBBINICHHOTO W IIOHMXCHHOTO JIABJICHUS, 30HBI Iepdopanud B 001acTH
NWIMHIPUYECKOH YacTH KOpIyca CyAHa B JHHUIIE M OOPTY HAXOIATCS B MPAKTHUESCKH
WJCHTUYHBIX YCIOBUSIX. VIMeeTcs BBUIY CTaOWJIM3MPOBAaHHOE TEUEHHE C MPUMEPHO
OJIMHAKOBBIM TIOTPaHUIHBIM CJIOEM, OJMHAKOBOW TYpOYJIEHTHOCTBIO H JIp.

K pacdery B 3TOM cily4ae MOKHO TIPUHUMATh BOJIHEHUE, KAUKy CyJHA MPOJOIBHYIO U
MOTIEPEYHY0, BIUSHUE OJIM3KOTO AHA | JIp. Bo3aeiicTBre 3TUX (aKTOPOB HA MOPSIIOK HUKE
CKOpOCTHOTO Hamopa. Tak >ke Helb3s NMPU3HATH 3HAYUTEIHLHBIMHU BIIMSHHUE HAMPaBJICHH
mpopeseid B OOpTy W [HHINE, HA YTO, KCTaTH, OOpamIalOT BHUMAHHE MPOU3BOIUTEIH
OOKCKYJIEpOB.

B menom MOXHO pacCUUTHIBATH HA TIOJIE3HOE MCIOJIB30BAHUE TOIBKO HEOOIBIION YacTH
cKopocTHOro Hamopa. To ecTh HEOOXOIMMO O0eCleunBaTh HEKOTOPHIC OYEHb HH3KHUC
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3HAYCHUS THAPABIMYECKOTO COIPOTHBICHHS MPOTOYHOI YacTH KWHICTOHHOTO SIIVMKA JUIS
cBOOOTHOTO O0TEKaHMS TPYOHOTO IMy4Ka OOKCKYyIepa.

Ha puc. 2 mpuBemeHo cxeMaTHuyecKoe H300pakeHHE TEUYEeHHS 3a00pTHOH BOABI B
o0macTi OOKCKYJIEpOB B KHHTCTOHHOM sIIKKe 10 JaHHBIM (¢upmMel BLOKLAND.

Puc. 2. Cxemaruueckoe H300pakeHne TeUeHHUs 3a00pTHOM BO/IBI B KaHaJIe GOKCKYJIEPOB

BugHo, 4TO TEUeHHWE OpPraHW30BAaHO 3HAYUTEIBHO XYKE, 4eM B KOXKYXOTPYOHBIX
anmaparax. Her getkoro momepednoro Toka. OueHp O0ibIINEe 0OBOJIHBIC TCUCHHS.

Eme xyxe 0oOCTOAT Aena ¢ opraHM3alldel MpOTOKa BOJBI Ha CTOSHKE cynHa. B atom
clIy4ae MOKHO PacCUUTBIBATh TOJbKO HA E€CTECTBEHHYIO LUPKYJSLUIO H3-32 PAa3JIMYHBIX
IUIOTHOCTEH HArpeToil B KUHICTOHHOM SIIMKE W 3a00pTHOW BOABI. B moaTBepkaeHue
MOJKHO IPHUBECTH (PaKThI NeperpeBa BOABI BHYTPEHHEI0 KOHTypa OXJIaXICHHE IHU3EIIb-
reHepaTtopoB Ha crostHKax [1,2]. XoTs, B 3TOM cliyyae JABUKECHUE BOJIBI 32 OOPTOM BCE-TaKU
€CTb U3-3a TCUEHUS PEKHU.

[epexonst x 3amade TEIJIOBOTO pacdyeTra OOKCKyJepa, OTMETUM, YTO B YHCJE YCIIOBHM
JIOJDKHBI OBITh M3BECTHBI HE MEHEE TPEX TEMIIePATyp TEILUIOHOCUTEIICH U MacCOBBIC PaCXOIbI
MIPOTEKAIIUX Yepe3 TPYOHYI0 CHCTEMY Cpel W BIISHHE Ha SKOJIOTHYECKUE ITOKA3aTeIH
nsurarens [3,4,5,6,7].

Uro kacaeTcs pacxofa OXJIaxJaeMOW Ccpensl, TO OHa ompeaensercs paboToit
OUPKYJIAIAOHHOTO Hacoca. [1o gactu pacxoma 3a0opTHON BOIBI Yepe3 OOKCKYJIep OTMETHM
— 3TO OTIeNbHAA 3a7aya FHJIPOAUHAMHKH. JTO XK€ M OTHOCUTCS K TemIeparype 3a00pTHOM
BOJIBI B TPYOHOI cucTeMe.

3amadya COBMECTHOTO PEIICHUS CHCTEMBl YPaBHEHUH THIPOIMHAMHUKH U TEIUIONepeIadn
B JIaHHOM CIIO)KHOW CHCTEME MPOTOYHOM YacTH KaHaja KUHICTOHHOTO SIIIMKAa W TPYOHOTO
my4yka OOKCKyJiepa TpeOyeT BBIYHCIUTENBHBIX CPEICTB YPE3BBIYAHHO OOJBIION MOITHOCTH
u OBICTpOAEHCTBHSI.

Ha nepBoM srare onpezienuM napaMeTpbl PeXXKUMOB M TPaHMYHBIX YCIOBHH, YTOOBI Ha
9TOH 6a3e BBHIIIOJIHUTE OPUEHTUPOBOYHBIE pacdeTsl 0e3 3D MoenpoBaHusl.

CxeMaTHUeCKU MPEICTaBUM CUCTEMY MPOTOYHON YaCTU KMHICTOHHOTO SIIUKA B BHUJIE
KaHalla, B KOTOPOM DAacHOJIOKeH OOKCKyJep, 3aHUMAIOIIMN JIOJI0 CEYECHHUsS! NPOTOYHOU
4yacTu puc. 3.
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Puc. 3. PacueTHas cxeMa MpOTOYHON YaCTH KUHICTOHHOTO SIIIIUKA

Fogx - mnomanp BXOTHBIX OKOH Ha THHIIE

Fom — mnomane ce4eHust MeXK/Ty CTEHKaMH SIIIKa OOKCKYIepoM

Foguvix - mmomaap BEIXOIHBIX OKOH Ha 00pTY

CompoTnBieHre Te4eHUs BOKPYT OOKCKyliepa MpPeHEOpe)KMMO MaJI0 B CPAaBHEHUH C
THIPaBIMYECKUAM COTIPOTUBIICHUEM ITydka TpyO B 15...40 psgoB. CkOpocTh TeUCHHUS BOKPYT
OOKcKyJepa mo B ceueHHM Iuomanpio. Ha Bxozme B kaHan cucTema Imieneil ¢ IUIOIajbio
Foex na Bbixoze FoBbIX.

3aaauM 4acTo BCTPEUAIOINeCcss COOTHOIICHMS TUIOIIAAeH:

FoBrrx/Fo=0,4; FoBbix/Fo=0,2; FoBbix/Fo=0,5

rae Fo-cedeHne cBoOOJHOro KaHana. PaccuuraeM Kod(QHUIMEHTHI CONPOTHUBIICHUS
nuadparM B KaHalle 1o JaHHbIM [8,9].

CormpoTuBiieHre OOKCKyJepa Tak )K€ ONpEeNeNIMM KaK CONpPOTHBIICHHE Tela B KaHalle
[1,2].

Ha nanHOM 3Tare HeM3BECTHO 3HAYCHUE CPEAHEH TeMIepaTypbl B KHHTCTOHHOM SIIHKE,
COOTBETCTBEHHO, HE M3BECTECH HAIIOP €CTECTBEHHOM IUPKYJIISINH.

[TpumeM 1o n3BeCTHBIM 00pa3LaM Pa3HOCTh BBICOT BBIXOIHBIX M BXOAHBIX Inesneit 2,0 M.

PaccMoTpuM Tpu BapuaHTa pa3HOCTH TeMIepaTyp 3a00OpTHO ¥ BOXBI U BOJBI B
kuHrctoHHoM smuke: 20,40,60°C.

AP=gH(Q36-Qks#), D
PaccunrtsiBaeM Harop LUPKYJISIKAM UL 3THX pasHocTei o ¢popmyie (1):
2
rae g:9.81MX c -YCKOPEHUE CUJIbL TSKECTH;
H, M-pa3HOCTB BBICOT;

Q30, Qks - KXr/M3-TIJIOTHOCTH BOJBI 3a OOPTOM W B KHHICTOHHOM SIIIIUKE
COOTBETCTBEHHO.
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Puc. 5. CkopocTh TedeHHi 3a00pTHOM BOABI IPH €CTECTBEHHOM LHMPKYJISLIUHA B CBOOOTHOM CEUCHHH
BOKPYT' OOKCKyJiepa

Takum o00Opa3om, UII caMOro HEOIAroMpHUATHOTO PEXHMMa dKCIUTyaTalluk OOKCKyJepa
Ha CTOSIHKE NPH OpraHM3alMy TEYESHUS TOJIBKO Onarojapsi €CTECTBEHHOW LMPKYISILHMN
MOXXHO OXKHJATh CKOPOCTEH BOCXOJSIIMX IIOTOKOB BHE OOKCKyJiepa B COOTBETCTBHH C
JaHHBIMH Tpaduka puc. 5.
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Ha npakTuke 3HaueHHS TEMIIEpPaTypbl BOABl B KHHICTOHHOM SIIUKE HAXOAATCS B
npenenax 35...45°C. Ilpu cpenneii Bemmunae 40°C u temmeparype 3aboptHOi Boasl 20°C
passocTh Temnepatyp pasHa 20°C. COOTBETCTBEHHO, CKOPOCTH CBOOOHOM MHUPKYJIISIINN BHE
myuka Tpy6 He 6ombire 0,05 m/c.

be3 uucieHHOro MOJEIMPOBAHUSI TEUCHHS BHYTPU TPYOHOH CHCTEMBI TOBOPUTH O
CKOPOCTH JIB)KEHHSI BOJBI MEXIY TpyOKaMHu HEBO3MOXHO. Ho MOKHO cuMTaTth, 4TO 3Ta
ckopocTb Oynet He Boimre 0,05 m/c.

Hns 6oxckynepoB GEA Bloksma B.V. mpousBenen oOpaTHBIM TEIUIOBOH pacdeT ¢
OIpe/ieJICHUEM POEKTHOTO 3HaYE€HUsI CKOPOCTH IOIIEPEYHOr0 O0TEKaHUsI TPYOHBIX ITyYKOB,
00ecIIeunBarOLIEro MacOPTHBIA TEIUIOCHEM.

Pacuer BBITTOIHSIICS 110 METOIUKE, N3JIOKEHHOH B cripaBogHuKe [10].

[omy4yeHpl 3HAUYEHUS MHHHMAIBHOW pacueTHOH CKOPOCTH MOMEPEeYHOro OOTEeKaHWS
my4gkoB TpyO B mpeaenax 0,02...0,08 m/c. DTOT pe3ynpTaT KOppeIupyeTcs C JaHHBIMHU PIHC.
5.

[ToHATHO, YTO CKOPOCTH MOINEPEYHOTO TOKA B TPYOHOM ITydYKE 3aBHCHT OT MHOKECTBA
(hakTOpOB, B TOM YHCIIE TYCTOTHI ITyYKa, KOJINYECTBA PAIOB TPYyO, pekKnMa TEUCHHS H T..I.
Ho ona ognosnauno mensie 0,05 m/c.

Mbl yCIOBHO MpPUHSIM CPEAHIO CKOpOCTh oOrekanust Tpyd 0,02 m/c. D10 naer
YBEPEHHOCTb, YTO CIIPOCKTUPOBAHHBIIN O] TAKYI0 HU3KYIO CKOPOCTH OOKCKysep He Oyner
HeJopa3MepeH.

[TpoekTHbIit pacyer BeimonHsUICA 1o Gopmynam [10,11,12]. Cpenuuii TemueparypHsblii
Hanop Afcp onpexpensics o ¢popmyne 4,2-6 cripaBounuka [10].

PesynbraThl pacuera npuBeneHsI B Tabnuie 1.

Tabnuya 1
OxJ1aauTens IPOTOYHBINA OJHOKOHTYPHBIN
Tunopasmep OILK-6.10.27.1500
TemoHocUTENH T"opsiumii XonoaHbII
Y CII0BHBIN JuaMeTp NaTpyOKoB, MM 100 —
Bun Terionocuresst Boga npecnas Boja Mopckas
Pacxon 47904,0 xr/u o
(48,0 M*/4 pu 20 °C)
TemnepaTypa Ha BXojie °C 56,0 32,0
Temneparypa Ha BbIXOJIE °C 38,0 —
I'mnpasnuyeckoe Ila 26.50 L
CONPOTHBICHHE
PacueTHass MOIIHOCTH kBT 1000
3anac ronaay TermIo00MeHHON 27...30 %
MIOBEPXHOCTH HA 3arpsI3HEHUS (B 3aBHCHUMOCTH OT MaTepuaja Te1000MEeHHBIX TPYO)
[Tnomane Temoo6MeHHOI
TIOBEPXHOCTH 110 HAPY>KHOMY )
JHaMeTpy TEeII00OMEHHBIX M 83,7
TpyO
CKopocCTh cynHa y3eln He meHee 3,0
Pacuernas Temneparypa °C 95,0
PacuerHoe/nmpoOHoe nasnenue | MIla 0,35/0,53
Macca ternmoodOMeHHUKa 6e3
N KT 950
JKHJKOCTEH
Bwmectumocts nosjocreit 1 207 | —
Matepuarnsl
JIoCKa TpyOHast naryHs JIO62-1
TpyOKH TeII00OMEHHBIE Mensxuop MHXMu10-1-1 (3amenurens — CuNi90-10,
CuNil0Fe1Mn)
MIEPETOPOIKU Meap M3
Kamepa BOJISTHas CTaJIb YTIIEPOIHCTAs
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Puc. 6. Ueprex ob11ero Buma cyJOBOTO OXJIAAUTEIS MOTPYKHOTO THUIIA

®0TO U3TOTOBIICHHOTO OXJIAAUTEIIS Tepea NCIbITAHUAMUA IIPUBECIACHO HA PHC 7.

Puc. 7. O0mmuit BUI MOrpYKHOTO OXJIAJUTEIS

Pe3yabTarsl

Mo pe3ynbraTam paboOTHI ClIeNIaHbI CIIEAYIONINE BBIBOJIBI:
— MaccorabapuTHbIe XapakTepuCTHKH Ookckysepa Ha 50...100% npeBblLaroT 3TH
e TI0Ka3aTeln KOXKyXOTpyOHBIX alapaTos;
— OCHOBHas  IpPUYMHA HepepasMEepHBaHHUs  OOKCKYJEpPOB-HM3KHE  CKOPOCTH
OXJIAXKJAIOMIEH BOJABI MO MEXTPYOHOMY HPOCTPAHCTBY B COUYETAHMM CO 3HAYUTEIBHOU
HEPaBHOMEPHOCTHIO TEUCHHUS BOABI MO (PPOHTY TEINIOOOMEHHOTO aIllapara;
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— JJIs 3HAYUTETHHOTO HOBBIMICHHUS TOYHOCTH TETIOBBIX U THAPABINIECKUX PACUETOB
OOKCKYJIEpOB HEOOXOANMO HCIIONIB30BAaHHE UYHUCICHHBIX METOZOB pPAcdeTa C pEIICHHEM
CHCTEM YTPAaBICHUI THAPOJMHAMHUKH W Terronepenadn B 3D mocTaHoBKe i TPyOHOH
CHCTEMBI U KaHaJIa KHHI'CTOHHOTO SIINKE B KOMIUIEKCE.
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AHHOTanus: PaccMOTpeHBI BOIPOCHI PETyIHPOBAHUS YaCTOTHI BPAILCHUS CyJOBBIX TIaBHBIX
JBUraTeneil pU CUHYCOUJAJIBHOM M3MEHEHUM MOMEHTa COIpPOTHUBIIEHMS Ha Baly. 3aJaHbl
BHEILIHKE YCJIOBUS PEKUMA Harpy3KH IJIABHOTO JBUTaTels 10 MaKCUMAaJIbHOMY 3HAUEHUIO U
nepuony KojeOaHHMH. VYKa3aHbl OTpHLATENbHBIE (AaKTOPBI UL CyJHAa M JBHTATEI
BCJI/ICTBHE INEPUOANYECKUX KoJieOaHUH Harpy3kd. Takke NMpoaHaIN3UPOBAHBI MPOLECCHI
IPA  CKAaYKOOOPa3HOM W3MEHEHHWH 3aJaHusl Ha PEryiIaTop YacTOThl  BPAIICHHMS.
[IpencraBnensl nepexonHble MPOLECCHl MPU pa3IMYHBIX HACTpOeuHbIX napamerpax IIM/I-
perynsaTopos. i1 CpaBHUTEIBHOTO aHAIN3a MEPEXOAHBIX MPOLECCOB B3ATHI TPH Pa3IHUHbIC
00J1aCTH yCTOHYHMBBIX IPOIECCOB JHAarpaMMbl BhIIHErpagcKoro.

KiwueBble ci0Ba: BETPOBBIC BOJHBL, CHHYCOUJAIbHBIC KOJICOAHHs, HACTPOCUHBIC
rmapaMeTpbl,  KoyiebaTeNbHBIH  Ipollecc,  AlepUOAMYECKHi  Mpolecc, JAuarpamma
Berimnerpazckoro, Mmeto HacTpoiiku 3uriepa-Hukosbca.
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Abstract: The issues of regulating the rotational speed of marine main engines with a
sinusoidal change in the moment of resistance on the shaft are considered. The external
conditions of the main engine load mode are set according to the maximum value and the
oscillation period. Negative factors for the vessel and the engine due to periodic load
fluctuations are indicated. The processes are also analyzed in case of a sudden change in the
speed control setting. Transients are presented for various tuning parameters of PID
controllers. For a comparative analysis of transient processes, three different areas of stable
processes of the Vyshnegradsky diagram are taken.

Keywords: wind waves, sinusoidal oscillations, tuning parameters, oscillatory process,
aperiodic process, Vyshnegradsky diagram, Ziegler-Nichols tuning method

BBenenue

Mopckue nepeBo3KH BCerja CBsI3aHbl ¢ HEMPOCTBIMU ycnoBUSMH. CyAa BBIIONHSIOT
CBOIO paboTy NpH CHIBHOM BOJIHEHWH, B IITOPM WJIH, Jaxe, B yparaH. HecMoTpst Ha Takue
OMACHOCTH, COBPEMEHHBIE CyAa MPOJODKAIOT CJlEJ0BaTh CBOUMM MaplipyTaMm, He
OTKJIOHssICh oT rpaduka. IllTtopmbl — HemsOexHass yacTh HpoOJIEM TIPH TEpEeMELICHUH
pa3nu9HbIX cynoB [1].
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OCHOBHBIM THIIOM TIJaBHBIX JABUTaTeIed Ha MOPCKHX CyZAax SIBISIFOTCS IBHIATEIN
BHYTPEHHETO CrOpaHWs, MOIMHOCTh KOTOphIX mocturaer 80000 kBt. CkxopocTs cymHa ¢
MEXaHWYEeCKUM MBHTaTeNieM NPH CHIBHBIX IOIYTHBIX BeTpax CcHiKaercs. OCHOBHOM
MIPUYUHON 3TOTO SIBIAETCS CONPOTHBICHHE IBIDKCHUIO CYIHA, BBI3BAHHOE BOJHCHHEM H
yxynamenneM pabotel rpedHoro BuHTa [2]. [Ipm cmabom BCTpedHOM BeTpe CyTHO Majo
TepsSeT CKOPOCTh, TIPH CHIBHOM — XOJ YMCHBINACTCS W3-32 JIONOJHHUTEIHHOTO
COIIPOTHBIICHHS, BBI3BAHHOTO BOJIHEHHEM. CONPOTHBICHUE JBW)KCHHIO Ha BOJHEHHHU
BO3pacTaeT C YBEJIMYCHHUEM aMIUIMTYJ KWJIEBOH M BEpPTHKAIbHOW Kauku. Ilepuossl
YCTaHOBHBIIIHMXCS BETPOBBIX BOJIH MOTYT OBITh OT 0,33 ¢ (ckopocTth Betpa ot 0,5 10 1,5 M/c)
1o 18 ¢ (ckopocTs Betpa ot 32 m/c) [1].

[lepnonnueckoe orojeHue BHHTAa W mHepeGOH B paboTe YCKOPSIOT W3HOC JIBUTaTEls,
U3MEHSIOT PeKUM IuaBaHus cynHa [5]. Bo3amymatomum Bo3aeHcTBUEM Ha JBHIATEllb MPH
HaXOXJICHUH CyJIHa B MOPE MOTYT ObITh CHHYCOMAJIbHbIC KOJIEOaHUsL.

TpeGens aaaHe |

| Anura aonuss 1

Puc. 1. CunyconnansHas BOTHa

B okeane wame Bcero BcTpewaroTcsi BOJHbI aymHOM 90-100 M, BbIcoTOM 4-5 M U
nepronom 7-9 c. Camble mauHHBIE W3 HaOmogaBmuxcs BoaH — 900 M (Beicota 18-20 m).
JJis MpaBHIBHOTO MAaHEBPHUPOBAHHS Ha B3BOJNHOBAHHOM MOpPE HEOOXOAMMO OOBEKTHBHO
OIICHMBATh CTCIICHb BONHCHHS. BONHEHHWE OleHWBaeTcs B OamiaXx B 3aBUCHMOCTH OT
BBICOTHI BOJIHEI.

ConpoTHBICHNE NBIKEHUIO CYIHA YBEIUYHMBACTCS MPU BETpE U BOJHEHUH MOps. B
CeBepHoii ATIaHTHKE, TIPU CUJIE BETpa 10 6 0aIoB, 3TO YBEINYEHHUE HOCTUTAET B CPETHEM
22-25%. Ilpu mmaBaHUM Ha BOJHEHHWH aMIUIMTY/BI KoJeOaHUI ymopa 1 MOMEHTa Ha BHHTE
HaxoJsTCSl B JIMHEWHON 3aBUCUMOCTH OT BBICOTHI BONHBI [1]. CormacHo [2] u3MeHeHue
yImopa ¥ MOMEHTa IpeOHOr0 BHHTA NMPH KWJIEBOW Kauke MPOHCXOAuT oT 2% mo 15% mms
ynopa u oT 2% a0 13% ans momenrta rpebHoOro BUHTA [3].

IIpu pe3koM yBeNUYEHUU COMPOTUBIIEHUS JBUKEHHUIO CYJHA OT BETpa W BOJH, YacTOTa
BpallleHHs KOJICHYATOTO Baa 0OBIYHO He mpeBbImaeT 25-40% 0T HOMHHAIBEHOW, TBUTATENh
paboTaeT HeyCTOWYMBO U MOXKET 3arI0XHYTh [4, 5, 6].

ITocTanoBKka 3agaun

B cBs3u ¢ OompmimM BIMSIHMEM Koje0aHWIT MOMEHTa CONPOTHBIECHUS Ha YacTOTY
BpalleHuss TpeOHOro BHUHTA TPEJCTABISIETCS IeJIecO00pasHbIM PacCMOTPETh Mpolecce
COBMECTHOHM pabOTHI IJIABHOT'O JIBUTATENSI M PETYIATOPA YacTOTHl BPAIIEHHUS C Pa3IMIHbIMA
MOJIETIMPYEMbIMH HAacCTPOEYHBIMHM MapaMeTpamu. [Ipu 3ToM BO3MyNIalOMIMM (AKTOPOM
BO3BHUKHOBCHHA TMEPEXOJTHOI0 IIporecca 6y11eT ABJIATHCA CHHyCOH}IaI[BHBIﬁ MOMCHT
COTIPOTHBIICHUSI Ha Bajy nBurarens. Kpome 3Toro, HEOOXOOUMO paccMOTpPETh pPaboTy
JIBUTATENSI W PETYIATOpa IpH CKAaYKOOOpa3HOM W3MEHEHHHM HACTPOWKH C BBIOOPOM
ONTUMAJBHBIX HACTPOCYHBIX [IAPAMETPOB PEryJIATOPA.
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"

l% H l)’u .

ITH]T perymstop O0BeKT peryIHpOBaHHA

Puc. 2. Cucrema aBTOMaTHIECKOTO PEryIMpoBaHus YaCTOTHI BpAallICHUS I'TIaBHOI'O JABUTATEII

YpaBHeHHE 00bEKTa peryiupoBanus (puc. 2)

d
T, d_(f + @ = kou — kA, (1

ypaBHEHHE PeryyaTopa 4acTOThI BpalieHus (puc. 2)

d 1 d( 3_) 2
Tpd_l:+.u=kp[((ps_¢)+T_if(§03_§0)dt+Td%]a @

Ile ¢ — OTHOCUTENIhHOE OTKJIOHEHHE 4YacTOThl BpAalllEHHs; ¢; — OTHOCHTENIBHOE
OTKJIOHEHHE 3aJIJaHHs YaCTOThI BpaIlleHHUS;

/{— OTHOCHUTEJIBHOE OTKJIIOHEHHE PETYIHPYIOIIET0 OpraHa;

A — OTHOCUTEJIBHOE OTKJIOHEHHE HATPY3KU Ha JIBUTATEJb;

T,, T, — NOCTOSIHHBIC BpeMEHH 00bEKTa PETYJIMPOBAHUS U PETYIISTOPA;

kp, Ti, Ta — HacCTpOEUYHBIE TApaMETPHI peryisTopa (ko3(QGULHUEHT YCUIICHUS PETYIITopa,
BpeMsi HHTEIpUpPOBaHUsl, BpeMst AU HepeHIIUPOBaHS).

YpaBHEHHE OTHOCHUTENIFHON HArpy3KH

A = 4, sin(wt), 3)

2l Am— MaKCHMaJIbHOE 3HAYE€HHE CHHYCONAAIBHON HAarpy3KH;

@ — IUKJINYECcKas YacToTa, paBHAs W = 2?" , rie T — nepuoJt KoieOaHuii;

t — BpeMsI.

Mpumewm T,=1; ko=1; kh=1; T,=0,5¢c,

HAacTPOEYHBIE ITAPAMETPHI PETYIATOPA — U3MEHEMBIE.

Heobxoxnmo wuccinenoBaTh BIWSHME HAcCTPOEYHBIX I1apaMETPOB Ha IEPEXOAHBIC
XapaKTepUCTUKH IIPH CHHYCOMJAIBHOM H3MEHEHHM HArpy3Kd IIpH MaKCHMaJIbHOM
n3MeHeHnu aMIunTyabl Ha 10% u nepuoze konebanuid Harpy3ku 17 c. Takxe HeoOXoaUMO
HCCIIeIOBATh BIMSHHE HACTPOCYHBIX MapaMeTPOB HA IEPEXOJIHBIE XapaKTEPUCTUKU IIPHU
pe3KoM (CKauKo0Opa3HOM) U3MEHEHUH HACTPOUKH /I BRIOpaHHOTO ypoBHSA (Ha 10%).

OcHoBHAA 4aCTh

[lepenarounas GpyHKIHMS 110 Harpy3Ke MIPH HEM3MEHHOM 33aJJaHUU Ha PETYISTOP

wp)=2= ka(Typ+ )T @)

ToTpTip3+(TpTi+ToTi+kokpTqTi)D2+(Ti+kokpTi)D+Kokp

Heo0xonuMo BBISICHUTH KakKHe MPOIECCHl (YACTO alepHOAHYECKIE, allepPHOAHICCKIE C
MEJIKHMH KOJICOAHHUSMH, YUCTO KoyieOaTenbHbIe) OyayT HamboJiee MOAXOISIIUME s
MOJICP)KAHUSI  YaCTOTHl ~ BPANICHHUS PU  BBIHY)XKICHHBIX  KOJICOAHHAX  MOMEHTa
COMPOTHBIICHUSI JBHYKCHUIO CYIHA.
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Ucnone3ys muarpammy Beimmerpaackoro (puc. 3), BbIOepeM Takue mapaMeTpsl
perynsaTopa, IpH KOTOPBIX KOOPAMHATBHI IHArpaMMbl MOIATyT B 30HY alepHOANYECKUX
mporieccos [7, 8].
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=
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Puc. 3. Inarpamma Brimaerpanckoro

Jisi  TOCTpOeHWS TepexXOJHOTO Tpolecca W pacuéra 3HAYCHHH KOOPIUHAT
Brrmrerpanckoro ucmonb3oBana mporpamma Microsoft Excel. Heobxonumelie mist pacuéra
JTAHHBIE 3aHECEeHBI B Tabmumy 1 (1. 1).

3aBHCHMOCTH OTHOCHTEIBHOTO OTKIOHEHUS PEryIHpPyeMON BEIWYHMHBI OT BPEMEHHU H
OTHOCHUTEIIBHOTO OTKJIOHEHHS PeryJHpYyIOIIero oOpraHa OT BpPEMEHH IIPECTaBIICHbI
Ha puc. 4.

Hcnonk3yeM mnepenaToyHyr (QYyHKIHIO 1O Harpy3ke (4) um moOuBaeMcs 3HaYeHUI
KOpHEH XapaKTePUCTHYECKOrO YPABHEHHS YHCTO OTPHIATEILHBIX 0€3 MHHMOM 4acTh C
momoInkio ucrounuka [11]. Tlepexomublii mporece Ha puc. 4 HAOIOAACTCS C KOJICOaHUAMHU
¢ OonpimM mepeperynuposanueM (50% 3amaHHON YACTOTHI BpAIICHUS) W C MEPHOIOM
koJyiebanuii 17 ¢, TaKMM ke, KaK UCXOJIHAs BOJIHA.

ITo auarpamme BwimHerpaackoro (puc. 3), BeIOEpeM Takue MapamMeTphbl perymsTopa,
IIPU KOTOPBIX KOOPJMHATHl TUAarpaMMBI IMOMAAyT B 30HY 3aTyXalOMUX KOJeOaTeIbHBIX
mporeccoB (tadi. 1, m. 2). Taxke UCHONB3yeM MepeaaToOuHyo (YHKIHIO 10 HAarpy3Ke (4) u
noOmBaeMcsi 3HAYCHWH KOpPHEH XapaKTepPHCTHYECKOTO YpaBHEHHS C OTPULATEIHHOMN
BEIIICCTBCHHON YacThiO, M3 HUX J[BA KOPHS HMMCIOT KOMIUICKCHO CONPsDKEHHBIE MHUMBIC
YacTH W MCHBIIME IO MOJYJII0 BEHNICCTBEHHBIC YacTH II0 CPABHEHUIO C TPETHUM
kopHem [11].
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a)

0)

(@, OTH. eIl

0,6

0,4

0,2

4, OTH. elL.

0,6

0,4

0,2

Puc. 4. Tlepexo/JHbIE TIPOIIECCHI PETYIHPYEMOTo MapaMerpa (a) U perynupyroliero opraua (6) npu

KOTOPBIX KOOPAUHATEI JUarpaMmbl BLII.HHG]"pa}ICKOFO nonaaaroT B 30HY allI€PUOAUYCCKUX IMTPOLECCOB

AHanuzupys

NEPEXOHbII  Ipolece

C

MepeperyInpoBaHueM, MEHbIINM, YeM Ha puc. 4 (22% 3am1aHHON YacCTOTHI BpallleHHS) U C

MepruoIoM Kosiebanuii 17 ¢, TakuM Ke, Kak 3a/laHHast BOJTHA.
Ucnonw3yst nuarpammy BeinmHerpaackoro (puc. 3), BeIOEpeM Takue MapameTpbl, NpU

KOTOPBIX KOOPAWHATBI nomaayT B 30HY 3aTyXarwlmuX alepuoanvdCCKuX

IIPOLIECCOB ¢ HeOOIbIIMMHY Koniebanusamu (Tadi. 1, . 3). Takxke ucnonap3yeM nepesaTouHyro
¢byHkMio mo Harpyske (4) m jnoOuBaeMcs 3HAauCHWH KOpHEH XapaKTepHUCTHYECKOTO
YpaBHEHHsI C OTpPHUIATEIbHOW BEIIECTBEHHOW 4YacThlo, W3 HHUX [[BA KOPHSI HMEIOT
KOMIUIEKCHO CONPSDKEHHBIE MHUMBIC YacTH M OOJBIIME MO MOAYIIO BEIIECTBCHHBIC YacTH

10 CPAaBHEHUIO C TPETHUM KopHeM [11].
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a)
OTH. el.
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Puc. 5. [lepexomHpie MPOIECCH PETYIUPYEMOTO MapameTpa (a) i peryimpyromero oprada (0) mpu
KOTOPBIX KOOPJMHATHI TMarpaMMbl BEIIIHErpaickoro NONanaoT B 30HY KoJieOaTeIbHBIX MPOLECCOB

AHnamm3upyst TIepexoJHbIl Tpolecc Ha pHc. S5, HaOmomaeM KonebaHMS ¢
nepeperyanpoBaHieM, MEeHbIINM, YeM Ha puc. 4 (0,04% 3a1aHHON 4acTOTHI BpalleHUs) U C
neprosioM Kojiebanuii 17 ¢, TakuM ke, Kak 3aJjaHHast BOJHA.
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Puc. 6. Ilepexo/HbIe TIPOLIECCHI, TPU KOTOPBIX KOOPAMHATHI JUarpaMMbl BBIIIHErpaickoro nonaaatot
B 30HY IIPOIIECCOB C HEOOIBIINMH KOJICOAaHUSIMU
a — PerynmpyeMoro napamerpa, 6 — perylIupyromuero oprasa

C 1enplo ONpeAeieHUs ONTHMAIBHOH HACTPOMKH PpEryisTopa, BOCHONB3YEMCS
SMIIMPUYECKIM METOJIOM HacTpoiku napamerpos [TN/I-perynsatopa 3uriepa-Huxonsca [9].
Jis storo oTkmodaeM A (epeHIHATbHYI0 W HHTETPAIBHYIO COCTaBIJIIOIINE 3aKOHA
peryjMpoBaHusl W YBeIUYMBaeM KOX(PQUIMEHT YCWICHHs peryjisropa A0 MOSBICHHS
He3aTyxaroumx koyuedanuil. [lapamerpsl npeacTasiens! B Tabauue 1, 1. 4.

Kpurnueckuii koapduupeHT ycunenus npusaT 189, kpuTHueckuid nepuoj KouedaHun
paBeH 2c, pe3yabTaThl pacyeTa MPeACTaBICHbI Ha PUC. 7.

a)

(@, OTH. eIl

0,0015

0,001

0,0005

T

O el s

-0,001

I
3

t,c

-0,0015

6)
U, OTH. e1L.
0,08
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0
-0,02
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~ 23
2:

Puc. 7. TlepexoaHble npouecchl, IPU KOTOPBIX BO3HUKAIOT HE3aTyXaloIINe KOJIeOaHUs PEeryIupyeMoro
napamerpa

a — peryJmpyeMoro napameTpa, 6 — peryiupyroIero opraia
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C menpto cpaBHeHus Il-perymsaropa c¢ I[IH/-perymsropom, HaiaéM KodpQuIueHT
YCHUJIEHUS, PaBHBIN IIOJIOBUHE OT KPUTHYECKOTO M HAXOIUM IEPEXOHBIC NPOIECCHI I
pETyIHpYeMOro TapaMeTpa M pPETyIHMpYIOIEro opraHa. IlapameTpsl HpencTaBICHBI B
tabmure 1, m. 5, a rpaduku nepexomHOTO MpoIiecca Ha puc. 8.

3anaHbl MapaMeTpsl ISl ONTUMHU3UPOBAHHOIO IIpoliecca o Meroay 3uriepa-Hukonsca
s [T [d-perynsaropa: k, = 0,6kqy; Ti = 0,5Ty; Ts = 0,125T,,. Ilpun Takux mapamerpax
MOJIy4aeTcsl HEYCTOMYMBBIN Mpoliecc. OTO MOXKET OOBSCHUTHCS TEM, YTO METOA 3uriepa-
Huxkonbca ucnop3yeTcss B OCHOBHOM ISl MEJUIEHHO MPOTEKAIOLIUX MPOIIECCOB U HE BCETaa
naér BepHblil pesynbrar [9]. Ilpu ymenspmiennu 7y B 10 pa3 — monydaeM ycTOHYMBBIN
npouecc (tadi. 1, . 6). I'paduku nepexoqHOro npolecca npecTaBieHbl Ha puc. 8.

[epenatounas GyHKIMS MO 3aaHHIO P HEM3MEHHOW Harpy3Ke Ha JABHIaTellb UMEeT
BHII;

W(p) = 9 _ kpko(TqTip?+Tip+1) 5)
@5 (ToTp+kokpTaTi) D% +(To+Tp+kokpTi)p+1+koky ©

[apamerper ob0vekta u  [IM][I-perymsatopa Tmpu  IOCHCTBUTEIBHBIX  KOPHIX

XapakTepucTuideckoro ypasaenus [ 10] npencrasneHs! B Tabmume 2, m.1.

a)
0.001 , OTH. €]1.
0,0005
I, c
0 | I N S (N [ N NN S [ N N N (N S I . T S E— — | I I
mmmmyﬂ/ﬁmmmhmmqmmwhm}%/ru
Ao N o W od L =T R TR R of o & o ol o=
L B I I B B | — o~ ~ o~
-0,0005
0,001
0)
‘U.,OTH.EIE.
0,1
0,05
\‘{
07T T T T~ T T T 7T T T T T T T T T T
D ooy 00 M~ W0 oot o o0 M~ W oo — 03 M 00 M~ oW s Mo
[ I IR S TR R ) g = o sE [Eo R R s I = B T B T )
_0‘05 —~ I _ B B o I o o o o Y
-0,1

Puc. 8. IlepexomHbIe IPOIECCH C ONTHMH3HPOBAHHEIMY apaMeTPaMH
[1-perynsaTopa, onpenenéHHbEIME 0 MeToxy 3uriepa-Hukomnsca
a — peryJIMpyemMoro napameTpa, 0 — peryiupyrolero oprana
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Tabauya 1
ITapaMeTpsbl 00beKTa U peryJIATOpa Npu H3MEHEHHH HATPY3KH
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1J1]1Jos5] 1 ] 03 Ju5]005]17]075] 27 1 3 | 1 [327] 3.30
2. KonebaTenpHble MPOIIECCh
1J1]1]os5] 1 ] 02 Jo3Joos5]17]015] 051 ] 06 | 1 [180] 1,13

3. AneprouuecKre IpoLecchl ¢ HeOOIBINME KOJICOaHIIMU
1]1]1]05]1134]00005] 1 J0,05]17] 05 | 1,56 | 1144 [1134]051] 6,15
4. c mapaMeTpaMu peryysTopa Ha rpaHulle YCTOHYUBOCTH

LJ1]1]o5] 18 | 0 | o 005][17]5x107[1,5x108]1,9x10"°] 189 [194,9]1,6x10°
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6. IIpoteccsl ¢ ONTUMHU3UPOBAHHBIME TTapaMeTpaMu
[TN I-perynsiTopa, onpeaenéHuble no meroay 3uriepa-Hukoibca ¢ KOppeKTHPOBKOH T4,
1]1]1]05]1134] 0,025 [12]005]17] 0,6 | 2,14 | 137,28 [ 113,4]0,621] 6,947
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Puc. 9. Ilepexoansle nporeccsl ¢ ontumusupodPBanHbsiMu apamerpamu [INJ[-perynsatopa,
oTpefeNEHHBIMH 1I0 MeToy 3uriepa-Hukomibca ¢ KOppeKTHpoBKoi Ty
a — peryImpyemMoro napameTpa, 0 — perylIupyromero opraHa
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I'padukn mepexoHBIX MPOLECCOB PEryJIHUPYEeMOro MapaMeTpa W PEryJHpYOLIEro
opraHa npu u3MeHeHuu 3amganus it [IW]I-perynstopa npu IO€HCTBUTENBHBIX KOPHAX
XapaKTepUCTHICCKOTO YpaBHEHU MpHBeIeHbI Ha puc. 10.

Tabauya 2
ITapameTpsl 00beKTa U peryJsiTOpa NpU H3MEHEHUH 3a1aHUs
[locrosHHas ITocrosiHHast BpeMeHU U Ckadok KoadpdurmenTsr Kopuu
BpeMEHH M | K03((GUIUEHTHI PEryasaTopa |3agaHHOTO | XapaKTePHCTHIECKOTO [XapaKTEePUCTHIECK|
ko3 punmeH 3HAYCHUS ypaBHEHUS Oro ypaBHEHUS
ThI 00BEKTA
pETYIUpOBaH
ust
TO,c|k0|k4 Tp,cl kp | Tuc | Tic o ao | ai | az pi | p2

1. ITepexoaHbIe TPOLECCH IPH IEHCTBUTENBHBIX KOPHIX XapaKTEPHCTUIECKOTO yPAaBHEHHS
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0,1

[ 050 [ 25 ] 2

[ -1,00 | -3,99

2. IlepexogHbIe MPOLECCHI TP KOMIUIEKCHBIX KOPHAX XapaKTePUCTHUECKOTO YPaBHEHHS
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Puc. 10. ITlepexonubie nporeccsl pu uamMeneHuu 3aganus it [11/-perynaropa npu
JEUCTBUTENHHBIX KOPHSIX XapaKTePHCTUIECKOTO YPaBHEHHS
a — PeryJIupyeMoro rnapamerpa, 6 — peryIupyromero oprana
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Puc. 11. [lepexonHslie mporneccs npu u3MeHeHnu 3aaanus At [1W/]-perynsaropa npyu KOMITIEKCHBIX
KOPHSIX XapaKTepPUCTUIECKOTO yPABHEHHS
a — PeryJIupyeMoro rnapamerpa, 6 — perylupyromero oprasa

BrIiBOIBI

[IpakTrdeckas 3HAUUMOCTb PE3YJIbTATOB!

1. Ilpu paboTe cynHa B yCIIOBHSIX BOJIHEHHMS C IIEJIBIO YMEHBIIEHHs 3a0pocoB
YaCTOTHI BpaIleHUs HEOOXOMMO YBEIMUMBATh KO3()(OUIIMEHT YCHIIEHUS peTysTopa
1 yMEHbIIATh Bpems quddepeHnnpoBanus.

2. Ilpy W3MeHEHMHM 3aJaHWs YacTOThl BpalleHHs Kod(pUIMEHT yCHICHUS
peryiaropa JOJDKEH ObITh HH3KMM, a Bpems Iud¢epeHIUpoBaHUs HEMHOTO
YBEJIUYEHHBIM.

HaummeHnsimas aMmuTtyga KojiebaHuil perynupyemMoro napamerpa (4acToThl BpalleHUS
TJIABHOT'O AM3€TSI) MPU CHUHYCOMAAIBHBIX KOJIEOAHUSIX HArpy3KH BBIXOAWT IPH MapaMeTpax
[N /I-perymnsTopa, Korja KOOPAMHATHI JHMarpaMMbl BBIIIHETpajcKoro MomajaroT B 30HY
aNepUOUYECKUX TPOIIECCOB C HEOOIBIIUMHE KOsieOanusmu (puc. 8).

IIpu m3menennn 3amanus ans I[TWI-perynstopa, HaMMEHbIIEe BpeMs HEPEXOIHOrO
Ipolecca MoIy4aeTcs MpU KOMIIIEKCHBIX KOPHSIX XapaKTePUCTUYECKOTO YPaBHEHHS.

Kpome »aroro, mnpm OeHCTBUTENbHBIX KOPHAX XapaKTEPUCTHUECKOTO ypaBHEHUS
YBEJIMYMBACTCSl  PACXOXKJIEHHE MEXAYy 3aJaHHOH W JCHCTBUTENBHOM  BEIMYUHON
perynupyemMoro napamerpa (puc. 9).
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Onpenenenne npeaejbLHOro coaep:kanus HeGpTenpoayKTOB NMPHU
TepMHUYECKOM 00e3Bpe:KMBaHUM HedTecoaepKaluX BOJ B
ra3oxoje, MoJAeJJUPYIOIeM ra30BbINMYCKHON TPYyOONPOBO

CYJ0BOT0 1HM3eJIf

B.A. YepHnos

O.I1. lypaes

A.I'. UYUnuypun

Bonorcckuii 2ocydapecmeennsiil ynusepcumem 600Ho20 mparcnopma, 2. Huscnuii Hoeeopoo,
Poccusa

AnHoTanus. OnpeneneHue MpeNeNbHO JOMYCTUMOH KOHLEHTPAlMH HEe(PTEIPOIYyKTOB B
HedTecoaeprKaluX BOJAX, I0JaBACMBIX B Fa30BBITYCKHON TPAKT CYZOBOTO AU3EIS, SIBISIETCS
00s13aTeNILHBIM 3TANOM OIIPEAeNICHUs] TpaHull 3()(GEKTUBHON M 3KOJOTHYECKH JOMYCTUMOH
paboThl cTeHaa (YCTaHOBKU) TEPMHUECKOTO 00€3BPEKUBAHUSL.

Ilpn pacneuteHnn HedTecoaepKaluX BOJX B ITOTOK BBICOKOTEMIIEPATYypPHBIX HPOIYKTOB
CropaHusi OTHOBPEMEHHO IIPOTEKAIOT IPOILIECCHl HarpeBa Kameib, HCIapeHHs, TEPMUYECKOTO
Pa3noKeHHsI M OKHCIICHUS, YTO IPUBOIUT K U3MEHEHHIO TEMIIEPAaTypHOTO PEeXKHUMa U COCTaBa
YXOMSIINX Ta30B.

B pabote mpuBeneHB! pe3ymbTaThl SKCIEPUMEHTAIBHOTO HCCICIAOBAHUS — BIUSHUS
KOHIIEHTpauuu He(PTENpPOAYKTOB B He(TECOAEPXKAIMMX BOAAX HA TEMIEPATypHOE IIOJe
ra3oxofla M KOHIEHTPAIlMd HOPMHUPYEMBIX KOMIIOHEHTOB IIPOAYKTOB  CrOPAHHS.
OKCHEepPUMEHTHl BBIIIOJNHEHBI HA Ja0OpaTOPHOM CTEHJE, MOJEIUPYIOMEM IapaMeTphl
Ta30BBITYCKHOM CHCTEMBI CyIOBOTO IH3ENs, HMPH IIOCTOSHHOW TeMIepaType IpPOIYKTOB
cropanus 520 °C u pmaBnenun moxaun HCB 1,8 0ap. Konuenrtpaumsi HedTenpomayKToB
BappupoBasiachk B nuanazone 0,1-11,5 %.

CoBMECTHBINM aHaIM3 TEMIIEPAaTypHOro MOJs U cocraBa yxomamux razos (CO, NO, NO2,
CH) mno3Boimi BBIIBUTH [AMANA30H KOHIEHTpAIWH, B Mpeaerax KOTOPOTO IPOIIecC
TEPMHUIECKOTO OOE3BPEKMBAHMS MPOTEKAECT YCTOHYMBO M 0€3 YXyIUICHHS SKOIOTHIECKHX
XapaKTepPUCTUK UCTOYHUKA BBIOpOCOB. [Ipy MpeBBIICHNH JAaHHOTO JUana30Ha HaOIo1aeTcs
KaueCTBEHHas IepecTpoiika TEINIOBOTO M XHMHUYECKOTO PEKHMOB, COIPOBOXKAAIOIIASCS
HU3MEHEHHEM SMHCCHOHHBIX MTOKa3aTeeil.

Ionyuyenusle pe3ynabTaTbl (HOPMUPYIOT OSKCIEPUMEHTAIBHO OOOCHOBAHHBIC T'PAHUILIBI
(YHKIMOHMPOBaHUS CIocoba W CO3JAal0T OCHOBY Ul Mepexoja K IPOBEACHHIO
HUHTEPIOJISLIMOHHOTO (9KCTPEMAIBHOT0) SKCIIEPUMEHTA.

KioueBble cioBa: cynoBele HedTeconep)kaline BOIBI; TEPMHUECKOE O0E3BpEKHUBAHUE;
ra3oxoJ CyA0BOTO JIBUTATEN; HHTEPIIOJIIIMOHHBINA (3KCTPEMAaIbHBIN) SKCIIEPUMEHT.

Determination of the limiting petroleum product content during
the thermal treatment of oil-containing wastewater in a gas duct
simulating the exhaust pipeline of a marine diesel engine

Vladimir A. Chernov

Oleg P. Shurayev

Alexander G. Chichurin

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. Determining the maximum permissible concentration of petroleum products in
oily wastewater supplied to the exhaust tract of a marine diesel engine is a mandatory step in
defining the boundaries of efficient and environmentally acceptable operation of a thermal
treatment test bench (installation).
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When oily wastewater is atomized into a flow of high-temperature combustion products,
simultaneous processes of droplet heating, evaporation, thermal decomposition, and
oxidation occur, leading to changes in the temperature regime and the composition of the
exhaust gases.

The results of an experimental study of the influence of petroleum product concentration in
oily wastewater on the temperature field of the gas duct and on the concentrations of
regulated components of combustion products are presenred in the article. The experiments
were carried out using a laboratory test bench simulating the parameters of a marine diesel
engine exhaust system at a constant combustion gas temperature of 520 °C and an oily
wastewater supply pressure of 1.8 bar. The concentration of petroleum products was varied
within the range of 0.1-11.5%.

A combined analysis of the temperature field and exhaust gas composition (CO, NO, NO-,
CH) made it possible to identify a concentration range within which the thermal treatment
process proceeds steadily without deterioration of the environmental performance of the
emission source. When this range is exceeded, a qualitative restructuring of the thermal and
chemical regimes is observed, accompanied by changes in emission characteristics.

The obtained results establish experimentally substantiated operational boundaries for the
proposed method and provide a basis for proceeding to an interpolation (extremal)
experimental study.

Keywords: marine oil-containing waters; thermal treatment; marine engine exhaust duct;
interpolation (extreme-value) experiment.

BBenenue

Ananu3z mpo0seM, BO3HUKAIOUIMX IIPH OYUCTKE CYJOBBIX HE(TECOIEpiKallUX BOJ
(HCB), nokassiBaeT BCIO CIOKHOCTh €€ PElICHUS U HEJAOCTATKU CYHIECTBYIOIIUX TSI STOM
LEJNN CYIOBBIX TexHH4Yeckux cpeiacts [1, 2]. OmHMM M3 NEpCleKTHUBHBIX HaIpaBIeHU
o0e3BpexxuBanusi HCB sBisiercss Tepmuyeckuii crnocod, CyTh KOTOPOTO COCTOUT B
yrunusanuu HCB B oTpaboTaBImunx ra3ax CyZ0BBIX JBUTATENEH.

IMpoumecc Tepmuyeckoro o0e3BpeXnBaHMS He(TecoIepKAMUX BOJ TNPOTEKaeT B
YCIIOBHSIX COBMECTHOTO TEIIO- M MacCOOOMEHa MEeXy Ta30BbIM ITOTOKOM, BOJHOH (a3oil u
OpraHu4ecKoi cocTaBisfomel 3arps3HeHuid. [lpu momade Hedrecomep ammMx BOX B
BBICOKOTEMIEPATYPHYI0 Ta30BYK0 Cpely pealu3yercsi MOCIeI0BaTENbHOCT CTaaui,
BKIIIOYAOIasl HArpeB Kamellb, UCIIapeHNe BOABI, TEPMUUYECKOE PA3IO0KEHUE YTIEBOAOPOI0B
U OKHCcIeHHe oOpasyrommxcs mponyktoB [3, 4, 5, 6]. CooTHOImIEHHE MEXIy 3TUMHU
CTaIusAMH ONpEAeNsieTcs HEe TONBKO TeMIIepaTypHBIM YPOBHEM Ta30BOTO IIOTOKAa, HO H
coctaBoM nogasaemoit HCB.

C yBenuuyenueMm cojaepxanus HedrenpoayktoB B HCB  u3Mmensirorcs  ycioBus
MPOTeKaHUs MpoIlecca, YTO OTpPaKkaeTcs Ha TEMJIOBOM pEeXHME Ta30BOTO IOTOKAa M
XapakTepe paclpeieieHuss TeMIepaTypsl Mo uiMHe rasoxofa. Ilpu ompenenéHHBIX
KOHLEHTPALMIX He(PTENpPOIYKTOB JaHHBIE M3MEHEHHS MOIYT IPHBOJAWTH K HAPYIICHHUIO
YCTOWYMBOCTH  TIpoOIlecca  TEPMHUYECKOTO  00E3BPEXKMBAHMS,  COMPOBOXKAAIOIIEMYCS
HEMONHBIM  JOXKMTaHWEM  YIJIEBOJOPOJOB M POCTOM  KOHIEHTPALUN  TOKCHUYHBIX
KOMITOHEHTOB B OTpabO0TaBIIUX ra3ax.

B atoii cBs3u koHneHTpanus HedrenpoaykroB B HCB MokeT paccMaTpuBaThes Kak
napaMeTp, OTpPaHMYHMBAIOMINK JOMYCTHMBIH pPEXHM pabOTBl CHUCTEMBI TEPMHYECKOTO
obe3BpexxnBaHus. IIpeBrIeHne HEKOTOPOTO MPEAETHHOTO 3HAYCHHS JaHHOTO TapaMmerpa
MPUBOANT K YXYAIICHUIO SKOJIOTHUECKHUX XapaKTEepHUCTHK IIporecca, TOTAa KakK ero
3aHMKEHUE HEPALMOHAIBHO C TOYKH 3pSHHS YTWIM3aIMOHHOTO MTOTEHIHAaIa crocooa.

K Hacrosimemy BpeMeHH IPOBE/ICH OTCEUBAIOIINI SKCIIEPUMEHT [7], TTOKa3aBIIHHA, 9TO
TeMIlepaTypHoe Imosie B rasoxojae mpu mnomade HCB ompenensiercs TOIBKO BXOJIHOM
TEMIepaTypoil MOTOKA, a Ta30BBIA COCTAB 3aBHCHUT OT TeMIleparypsl, KoHueHTparmun HCB
(3a ncximoueHneM okcuaa azora NO;) U JaBieHUs BIIPHICKA (3a HCKIIIOYEHHEM OKCHJa a30Ta
NO, u yruneBogoponoB CH). Ilepex mpoBelneHMEM HHTEPIIOJSIMOHHOTO AKCIIEPUMEHTA
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1esrecoodpa3sHo  YCTaHOBHUTH TpaHUIB I(PGEKTHBHON pabdOTHI CTEHAAa TEPMUIECKOTO
00e3BpeKUBaHS, KacaroIuecs npenenbHoi konuenTpa HCB.

g onpeneneHns MaKCHMaJIbHO JOMYCTHMOM KOHIEHTparmu HedrenpoxykToB B HCB
OBbLI TIOATOTOBJICH 3KCHEPHMEHT, HANPABICHHBIM Ha M3Y4YEHHE BIMSHUS JaHHOTO (haKTopa
Ha TeMIlepaTypHbIe XapaKTEPUCTHKHU ra30BOroO MIOTOKA U COCTaB ITPOTYKTOB CrOPAHHSI.

Takum o00pa3oM, LENbI0 TEKYLIEro J3Tala HWCCIEIOBaHMS SBISIETCS ONpe/esicHHE
BJIMSHHS KOHIEHTpauuu HedrenpoayktoB B HCB Ha TemneparypHoe mosie B ra3oxojae H
CoJiep)KaHWe HOPMHUPYEMBIX BpEIHBIX BEIIECTB B YXOJSAIIMX Tra3ax, YTO MO3BOJISIET
YCTaHOBUTh IpeJeNIbHOE COJEpiKaHUe HePTENpOoAyKTOB, oOecHedHBarollee HNPOTeKaHUe
MIPOLIECCOB MCHAPEHNUS, TEPMUUECKOTO PA3JIOKEHUS U OKHCIICHUS B Ta30BBITyCKHOM TPaKTe,
HE yXYAILIAIOIIee KOJOTHUECKHUE MOKA3aTeNI NCTOYHWKA BBEIOPOCOB: B PACCMAaTPHUBAEMOM
BapuaHTE — FTOPEJIKH CTEH/Ia, B TIEPCIEKTHBE — CYI0BOTO AU3EIS.

MeToabl HCCJIeT0BAHUSA

HccnenoBanne mpomecca Tepmudeckoro obesspexusanns HCB u  onpenenenne
JIOITYCTHMOT'O COZAEPKaHUsI HE(PTEIPOLYKTOB B UX COCTABE MPOBOIMINCH B J1a0OPATOPHBIX
YCIOBUSIX Ha CTEHAE pPHC. |, BOCIIPOM3BOAAIIEM TEMIIEpPATypHbIE M Ta30MHAMHUYECKHUE
mapaMeTpsl Ta30Xxoja CyAoBoro ausenbHoro pasuratens [8]. Konerpykiust creHna
obecrieunBasia (popMHpPOBaHHE YCTOHYMBOIO BBHICOKOTEMIIEPATYPHOTO T'a30BOTO MOTOKA U
nojJia4yy B MEJKOPACIbUIEHHOM BHAE He(TecoAepKallux BOJ C 3aJaHHBIMH (U3HKO-
XUMHUYCCKUMU XapaKTEPUCTUKAMU.

Puc. 1. CreHn Ui TepMudeckoro 00e3BpeXuBaHus He(hTecoaepKaliux BOI
1 — HanopHBIH 0ak, 2 — ra30Xo, 3 — UICTOYHHK TOPSYHX T'a30B, 4 — OJIOK perucTpalii U3MepeHui, 5 —
KOMIIpeccop, 6 — 30H]] ra30aHaIN3aTopa

VlcTOYHMKOM BBICOKOTEMIIEPATYPHBIX MPOIYKTOB CrOPAHMS CIY)KUT Ta3oBasi FOPENKa,
M03BOJISTIOIAs. (POPMHUPOBATH TA30BBIH COCTAB M TEMIIEPATYPHBIH PEXKHUM, XapaKTepHBIH JUIs
ra30BBITYCKHBIX CUCTEM CYJOBBIX au3eneid. TemnepaTypa ra30Boro NoToka peryaupoBanach
peXUMOM pabOTHl TOPENKH M KOHTPOJIHMPOBATACH B XAPAKTEPHBIX CEUEHHAX Ia30Xxofa C
nomortsio Tepmonap (T02...T06 Ha puc. 1).

[Tomaua HedTecomepkamuX BOJ B Ta30BBIN TPAKT OCYIIECTBIISIIACH Yepe3 TPyOOomnpoBoa
O]l JaBJICHHEM, MOJACPKMBaeMBbIM Ha 3aJaHHOM YPOBHE B TEYEHHE KaXKJIOTO OIBITA.
KonnenTparus HedTenpoxyKToB 3agaBajlaCh NPUTOTOBIEHHEM MOJEIBHBIX CMecel C
TpeOyeMbIM OOBEMHBIM COJIepKaHHEM HE(PTENPOIYKTOB.

CocTaB NpOTYKTOB CrOpaHusl ONpPENeIscCs C UCTONb30BaHNEeM razoananuzaropa AI'M-
510MB, BBINOIHAIOIIMM U3MEpPEHHE KOHIEHTpanuu okcuaa yriaepoga CO, okcHIOB a30oTa
(pasmensHO NO n NOy) n yrneBopoponoB (CH) mocne BbIxoJia ra3oBOro NoTOKa M3 30HBI
TEPMHUUYECKOTO 00e3BPE)XXNBAHUS HA BCEX PeXXUMax pabOTHI CTEH A,
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B pamkax nmaHHOH cepuH OMBITOB Temreparypa mpoaykroB cropanus (520 °C) u
nmasinenue noxaun HCB (1,8 6ap) monnep kuBaiuch MOCTOSITHHBIMA W COOTBETCTBYIOIIUMH
3HAYCHUAM B LEHTPE IUIAHA OTCEUBAIOIIETO OSKCIIEPUMEHTA, TOrJa Kak KOHIIEHTpaIus
HedTenpoaykToB M3MeHsIach B quanasoHe ot 0,1 mo 11,5 %. Onbit npu KoHIEHTpanuu 3,5
% mnpoBOaMIICS JABaXKIBl C IE€JbI0 NPOBEPKH BOCHPOW3BOJUMOCTH pe3ysbTaToB. [lnan
9KCIIEpPUMEHTA NPUBEIEH B TaOIHILIE.

Tabauya

IInan 3xcnepuMenTa AJs onpeaeaeHus A0MYCTUMOI KoHUeHTpauuu HedpTenpoaykTos B HCB

dakrop
OrpIT Temnepatypa Konnentpanus JaBnenue
MIPOAYKTOB CrOPAHUS HedTenpoxykTa B TpYOOIIpOBOIE TOAAYN
ra3oBOI0O TOIUINBA, B HCB HedTecoepKaIinX BO/I,
Kon TseIx, °C Kon CHCB, % Kon pBIp, 6ap
1 -1,4 0,1
2 0 1,5
0 520 0 1,8
3 +2 3,5
4 +10 11,5

Kaxnaprif onsIT peanu3oBeIBajics Mo TpéxdTamHod cxeme. Ha mepBoM »sTame
OCYILECTBJISIJICA MIPOTPEB razoxoja A0 3aJaHHOM TeMIiepaTypsl. Ha BTopoM sTame B MOTOK
MPOAYKTOB cropanus noxasanack HCB ¢ 3amanHo# koHIeHTpanueil HedrenpoaykToB. Ha
TPEThEM 3Tarle, IOCIe 3aBEPIICHMS MOJadd >KUAKOCTH, YCTAaHOBKAa (PyHKIMOHHpOBaNa B
pPEXKHUME CYXOro Ta30X0Ja, YTO COINPOBOXKAAIOCH MOBBIIIEHHEM TEMIEPATypbl ra30BOH
CpeJIbL.

OpHoM W3 3ajad TpU NPOBEICHUHM ONBITOB ABISJIACH OLIEHKA COOTBETCTBUS
(akTHYeCKNX YCIOBMH WX IUIAHOBBIM 3HAa4YeHWsIM. TemrepaTypa Tra30BOrO MOTOKa
OTHOCHTCSI K YHCIy CYIIECTBEHHO BIHUSIOIUX (DAKTOPOB, ONPENEIAIONNX XapaKTep
MIPOTEKaHHs NPOIeccoB B rasoxoxe. llpm 3ToM ompenensronuM SBISETCS HE TOJBKO
3Ha4YeHHE BXOJHOM TeMmepaTypbl, peructpupyemoit Tepmomnapoii T02, Ho u pacnpeneneHue
TeMIIepaTypshl 10 BCeH JUTMHE KaHaja.

JUis KOHTpOJIS TeMIepaTypHOTO peXnma paHee Obula pa3paboTaHa MaTeMaTHdeckas
MOJIeNIb M3MEHEHMsI TEMIIEpaTyphl MO JUIMHE Ta30Xxoja Ha »Tame mporpeBa [9]. Monenn
MO3BOJSIET IO 3aJaHHOM BXOJHOM TeMIEpaType pacCUUTHIBATh IUIAHOBBIE 3HAYEHUS
TEeMIEepaTypbl BO BCEX KOHTPOJIbHBIX ceueHMax. Ha puc. 2 mpexacraBieHO pacrnpenencHue
TEeMIEepaTypbl MO JUIMHE ra3oxoja Ha 3Tale MporpeBa, MOIyYEHHOE HKCIEPUMEHTAIBHO U
COIIOCTaBJICHHOE C PACUETHOH 3aBICUMOCTBIO, TTOTy4eHHOI B padote [9]

t—t
—— —=exp(-A-x), @
troz — tOKp

rae ¢t — UCKOMas TEeMIIeparypa; frp; — TEMIIepaTypa ra3oBOrO INOTOKAa Iepe] 30HOU
00e3BpekuBaHMs, BBICTaBIsieMas 1o TepMmonape T02; fo, — Temmeparypa OKpy’KaromleH
CpEJbL, A - MapameTp, M™!, XapakTepU3yIONMINHA HHTEHCUBHOCTH TEILIONEPENAUH, YeM GOJIbIIE
BeJIM4MHA A B (hOpMyJie, TEM CHIIbHEE CHIDKAeTCsl TeMIeparypa rasa BIoJIb OCH TPYOBI; X —
KOOpPJMHATa, M, OTKJIa/IbIBaeMasi BJIOJIb OCH KaHaJla OT TOYKH yCTaHOBKH TepMorapsl T02.
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Puc. 2. Pacnpez[eneHHe TEMIIEPATYPhI MO0 JJIMHE ra30Xo/Jia Ha 3Tale nmporpesa

Temmneparypa T02 paccMmaTpuBaeTcs Kak ONPEOCIIONINNA MapaMeTp, (GOPMHUPYIOIIHA
STalloHHOE  TemreparypHoe mone. CooTBeTcTBHE  (AKTHUECKOTO  PACHpECIICHHS
pacuéTHOMY HOATBEP)KJACTCS BEIIMUMHONW OTKJIOHEHHH (puc. 3), KOTOpBIE B KaXKA0H Touke
HE MPEBBIAIOT BEIUYUHBI £5% OT 3TaJIOHHOTO 3HAYEHHUs NpHU cpenHeM 3HaueHuu +1.8%
(HecKkobKO 0OJIBLIME OTKIOHEHHS B KOHEUHOW TOUKE M3MEPEHHs TeMIlepaTypsl (TepMorapa
T06) cymecTBEHHOr0 BIHUSHUS Ha TMPOLECC TEPMHUYECKOTO OO0E3BPEKMBAHUS HE
OKa3bIBalOT). BOTHOBOI XapakTep OTKIOHEHHWH TeMIIEpaTyphl MOXKET OBITh OOBSICHEH
HECOBIIaICHUEM OCH (hakesia TOPEIIKH C OChIO T'a30X0a.

15

OTKNoOHEeHWe TeMnepaTypbl, %

-10

-15
OnuHa razoxoaa, m

| —0—0.1 —0—15 —0=35 ——35 —-—115|

Puc. 3. OTkoHEeHHE TeMIlepaTyphl Ha 3Tare MporpeBa OT pacueTHON
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VcTOYHNKOM BBICOKOTEMIEPATYPHBIX MPOAYKTOB CTOPAHHUS SIBISLIACH Ta30Bas TOPEIKa,
MIO3TOMY TEMIEPATYPHBIH PEXUM B 3HAUUTECIFHONW Mepe ONpEeNesIcs PacxoJoM Ta30BOTO
TOIUTMBA W KOJIMYECTBOM BO3IyXa, YJYaCTBYIOIIETO B TOPEHHWH. MacCOBBI pacxop rasza
OTIpEeNIeIWICS 0 TOKa3aHMWSAM BECOBOTO AaT4rKa. J[Is KaXIOro OIbITa YCTaHABIHBAJICS
HOBBIN Ta30BbI 0amIOH, 4YTO OOECIEYMBANIO0 OJMHAKOBBIA pacxom raza (puc. 4). B
COYETaHUU C MOJJIep)KaHHEM HEM3MEHHOro KO3 HIMeHTa U30bITKA BO3/yXa B Pa3IMuHbIX
OmbITaXx 3TO O00ECHeYHBalo CTAOWIBHOCTh TEIJIOBOW MOIIHOCTH HCTOYHHKA H
BOCITPOHM3BOIMMOCTb BXOJTHOI TEMIIEpaTyphl.

TouHocTh 3amaHust KoHUeHTpauuu HedTenponykra B HCB onenuBanace Ha ocHOBe
pacuéra OTHOCUTEJIEHOM MOTPEIIHOCTH

6CHCB = . . (2)

Pacuér BeIIOMHSIACS 118  KaXJIOro  OMbITA. YCTaHOBHeHO, 4TO CyMMapHas
OTHOCUTECJIbHAsA TMOTrpEHIHOCThL 3aJlaHusd KOHUCHTpalluh HC IMPCBLIIIACT 2%, 4qTo
obecreyrBaeT KOPPCKTHOCTb aHalM3a BJIWAHUA KOHUCHTPALIMOHHOTO (baKTopa Ha
TEMIICPATYPHOC IMOJIC U COCTAaB YXOOAIIUX Ira30B.

0.5

90 100

Y

N
(4

MameHeHWe Macchl rasa,r

Iy =-0.0188x
R?=0.9516

0216x
R?=0.9834
@)
y =-0.0218x
o R*?=0.9774

By = -0.0252x
R?=0.9438

y 0263x
23 9512

[m}

-3
MpuBEOEHHOE BpeEmd, ¢

o 01 O 15 © 35 ¢ 35 B 115 =01 —15—=—35(l) 3.5(I) =—11.5

Puc. 4. Pacxon rasa ans paboTsI cTeHa

CooTBeTCTBUE JaBJICHUA B Oake YCTAaHOBJICHHOMY 110 IJIaHY OSKCHEpHUMCHTA
o0ecneurBaIoch BI:I60pOM Ha 9TaIlc nmogadyu HCB y4dacTKa 3alucu MOKa3aHUHN TepMonap u
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JAHHBIX Ta30BOTO aHAIM3a, HA KOTOPOM OHO M3MEHSUIOCh Ha BeMWMYMHY He Oomee +1,2 %.
Takum o6pa3om oOecTIednBaIOCk IOCTOSHCTBO pacxoa mogasaemoit HCB.

DKCIEepUMEHTANBHBIC HUCCICAOBAHUS MPOBOAMWINCH TMPH CTAOMIBHBIX IMapaMeTpax
OKpY’KalomIen cpedpl: TeMmepaTtype Bo3ayxa 25...28 °C, armocdepHom naBienun 993...997
rlla u oTHOCHTENBHOM BaaxxHOCTH 39...54 %.

Pe3yabTaTsl u UX 00padoTka

[IpoBenéHHas cepust ONMBITOB MO3BOJIMIIA MOJIYYUTh JaHHBIE O BIMSHHU KOHIIEHTPALUU
HedrenponaykroB B HCB Ha TemiieparypHoe Iojie ra3oxo/ia U COCTaB yXOSIIUX ra3oB (pHC.
5-7).

AHanu3 pacpeeneHus TeMnepaTypsl o AauHe razoxofa npu noxade HCB (puc. 5, 6)
MoKasal, 4To B JAMana3oHe KoHIeHTpauuii HedrenponayktoB 0,1-3,5 % pazanums Mexny
TEMIIEPaTYPHBIMH KPHUBBIMU HOCSIT HE3HAUHMTEJbHBIH XapakTep. DTO CBUJAETEIBCTBYET O
COXpaHEHHH TPAKTUIECKH HEM3MEHHOTO TEIJIOBOTO PEKMUMA M YCTOWYMBOCTH IpoLiecca MpH
HU3KAX M CpeJHUX KOHIEHTpanusax. I[IoBTOpHBIM ONBIT HpHM KoHLOEHTpamuu 3,5 %
TIOATBEPIII BOCIIPOM3BOAUMOCTD PE3yIbTATOB.

Puc. 5. Pactipenenenue remmneparypsl 1o JUIMHE razoxoja Ha srane noaayn HCB npu
TEIUIOBU3HOHHOM CheMKe

B 1o xe Bpemsa npu koHneHtpauuu 11,5 % mo Bcell ammHe rasoxona (GHUKCHPYIOTCS
MIOBHIIIEHHBIC 3HAYCHUS TeMIepaTypbl, HanOojee BBIpAKEHHbIE B 30HE PaCIIOJIOKEHU
tepmoniap T03—T06. [Ipu 3TOM KadeCTBEHHBII XapakTep TEMIEPaTypHOTO paclpeeleHus
COXpaHseTCs, OJHAKO IIyOWHA JOKaJIbHOTO TEMIIEPaTypHOTO CHMKEHHS YMEHBIIAeTCs I10
CPaBHEHHIO C peXHMaMH IoJayn MaynokoHueHTpupoBanHoi HCB. Habmronaemsle
U3MEHEHHMST MOTYT OBbITh OOYCIIOBJIEHBI JIONIOJHUTEIBHBIM TEIUIOBBIICICHUEM IIpH
OKHUCIIEHUH YTJIEBOIOPOIHOH cocTasistommeit HCB.

B o0nacTn MabIX KOHIEHTpaMi IpeobiagaeT oxiaxkaamui 3¢ dexr ucnapenus. [1o
Mepe YBEIMYEHHUs J0JIM HeQTEeNpOJYKTOB BO3pACTaeT BKJAJ TEIJIOBBIACICHUS, YTO
NPUBOJMT K craOwin3anuy, a 3aTeM K pOCTy TeMIlepaTypbl B raszoxozme (puc. 7).
BrisBeHHass 3aKOHOMEPHOCTH MO3BOJIIET OIPENENUTh AUANa30H KOHIEHTPAaIWd, NpHu
KOTOPOM COXpaHseTcs TpeOyeMbIl TeMIepaTypHBIH YPOBEHb IS YCTOHYHUBOTO MPOTEKAHMUS
peaxiuii.
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Puc. 6. Pactipenenenune temmepaTtypsl 1o JUIHHE Ta30Xxo0/a Ha starne nogaun HCB

600

500

400

°C

Temnepatypa,

100

@ T02,°C

.'--...____._‘ o TO03,°C
_____________ ‘

o To04,°C

A TO05,°C
o N S e -0

_-@" ]
©__-r7 ® TO06,°C
(o]
’—‘o
S - N
t _____________ ____.--.
0 2 4 6 8 10 12

KoHueHTpauua HedTenpogykTa B HCB, %

Puc. 7. 3aBucumMocTh TeMInepaTypsbl, 3apeructpupoBanHoi Tepmonapamu T02...T06, oT

KoHIeHTpauun HepTenpoaykra B HCB

[TockonbKy M3MEHEHHE TEMIIepaTypHOTO peXMMa HEM30EKHO OTpakaeTcs Ha COCTaBe
MIPOAYKTOB CTOPAHUS, IPU NMPOBEICHUN ONBITOB 0c000€ BHUMAaHHE YAEISUIOCH KOHTPOJIO
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HOpMHpYeMBIX BpenHbIX BemecTB [10]. Omenka smuccuu oTpabOTaBIIMX Ta30B CYHOBBIX
n3eNiell ABISIeTCS BaXHOM YacThio pacdeTa Kod((UIMEHTOB 3HEprod((eKTUBHOCTH U
YTIEPOIOEMKOCTH, BBEIEHHBIX MexayHapomHoi mMopckoit oprammsanuein (IMO) [11, 12,
13].

PesynbraThl aHann3a ra3oB npejacTaBieHbl Ha puc. 8. CozuepaHue B BBITYCKHBIX Ta3zax
yrieBogoponoB CH mpu yBenmuueHnu KoHueHTpanuu Hedrenpoaykros B HCB MoHOTOHHO
YBEJIMYHMBAETCs, cojepkaHne MoHooKcuaa yriiepona CO MMeeT 10CTaTOYHO BBIPaKEHHBIH
MUHUMYM B OkpecTHOCTH 4% Cuc, a coaepkaHHE OKCHUAOB a30Ta HMeeT
pa3sHOHaNpaBJICHHBIE TEHACHINU: CHIDKeHUE cojepkanus NO u poct copepkanus NO».

CoBMeCTHBIN aHanmM3 TEMIIEPATYPHBIX paclpeiesieHMid ¥ JaHHBIX Ta30aHaliu3a
MO3BOJIMJI  OTIPENEIUTh [Uana30oH KOHLIEHTPALWHi, IpH KOTOpPOM obecnednBaeTcs
MIPOTEKaHKE MPOIIECCOB O€3 CYIECTBEHHOTO YXYALICHHS YKOIOTHUECKHUX MOKa3aTeIeH.

140

y =0.6921x2+ 3.0312x + 3.1242
R2=0.978

n
o

o
o

o]
=]

y = 0.6691x2- 5.3576x + 27.992
R2=0.952

@
l=1

I
o

KoHUeHTpauvsa BpegHbIX BelecTs B yXOA4AWMX rasax, ppm

o]
~ 5 y =-0.0789x2+ 1.9814x + 3.1925
- Rz=0.7712
20 A
—&]
@]
o y=-0.1411x2-0.1904x + 25.928
0 R?=0.7313
0 2 4 6 8 10 12 14
KoHueHTpauus HedTenpoaykra B HCB, %
A CO NO o NO2 © CH
——[lonnHomuanbHas (CO) MonuHomMuaneHaa (NO) —— MonuHomuaneHas (NO2)=———TlonuHomuanskas (CH)

Puc. 8. KoHIieHTpalyst BpeIHbIX BEIIECTB B yXOIIINX I'a3axX B 3aBUCHMOCTH OT KOHIIEHTPAIMU
Hedrenpoxykra B HCB

W3 nosyueHHbIX 3aBUCUMOCTEH CIIelyeT, YTO IPH KOHIIEHTPALUsIX HEPTEIPOIYKTOB 10
3,5% copepxaHre HOPMHUPYEMBIX BPEAHBIX BEIECTB He MpeBblmaeT 40 ppm, 4To NIPUMEPHO
COOTBETCTBYET 3MHUCCHM 3THX BELIECTB OT camoil ropenku [7, 8, 10] u comocraBumo ¢
BEJIMYNHOM IOTPEIIHOCTH NPU HCIBITAHUSIX HAa COOTBETCTBHE HOPMAaTHBaM BBIOPOCOB
BPEIHBIX (3arps3HSIONIMX) BEIIECTB B BBIMYCKHBIX rasax [14, 15, 16]. Ilpu yBennuenun
KoHUeHTpauuu 10 11,5 % Habmromaercst CyliecTBEHHOE M3MEHEHHE COCTaBa HPOJYKTOB
cropanust ¢ ysemmuennemM CO u CH, 4ro HemomycTMMO NHpH paboTe IpeIaraeMoro
YCTPOWCTBA TEPMUIECKOTO 00E3BPEKUBAHHUS B COCTABE IN3EIHHON yCTaHOBKH.

Takum o6pazom, mast paccMmarpuBaeMbIX YCIOBUH (Teux = 520 °C, punp = 1,8 Gap)
JIOTYCTUMBIM CIIeAyeT cUuTaTh coaepkanne Hedrenpoaykros B HCB Ha ypoBHe 10 3,5 %,
IIOCKOJIBKY B JIaHHOM JHana3oHe O0ecledrnBaeTCsl yYCTOWYMBOE IPOTEKaHME IPOIECCOB
HCTIAPEHHS, TEPMHUYECKOTO PA3JIOKECHHUS M OKHCICHHA 0€3 YXYAIICHHS 3KOIOTHYECKHX
IoKa3aresel paboThl yCTaHOBKH.
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VYuuThIBas, 4TO CTaHAApTHOE coiepxaHue HedTenponykroB B HCB mma COY, kak
IpaBmiIo, He mpessimaet 1-2% [17, 18], To MOXkHO mpeanonaraTe MPUMEHUMOCTD JaHHOTO
MeTona Uil yTwim3anuu  cymoBeix HCB  mpakThuecku ¢ WX MHHHMAaJbHOH
[IPEABAPUTENBHOMN MOATOTOBKOM.

BriBOaBI

1. YcnoBust SKcriepuMeHTa KOPPEKTHO BbIIEpKaHbl IPH ero nposeaeHuu. Temmneparypa
BO BceX Toykax Traszoxoia mnepex mnoxadedd HCB omingaercs 0T TeopeTHYecKoi,
OTpENIeNIEHHON M0 MOJIENIU PacHpeieNIeHUs TeMIepaTypsl 10 AIMHE Ta30X0/1a, B CPEAHEM Ha
BenuunHy 1.8%. OCHOBHOW NPUYMHOW OTKIOHEHHUS, 110 HalleMy MHEHHIO, SIBIISETCS
HECOBIaJeHNE OcU (haKeia TOpeNKy U ocH razoxoja. [lorpemHocTs 3a1aHKsl KOHIEHTPAIIN
HCB =e npesbimaet 2%, a gaBieHus, Ipu KOTOPOM ocymnecTsisiercs nogada HCB, Menbie
1.2%. TakuM oOpa3om, cyMMapHas MOTPEIIHOCTh 3aJaHusi (akTOpOB HE HpeBbImacT 5%.
[TpumeneHne U1 KaXkKA0TO OIBITa HOBOTO Ta30BOro OAJIOHA ITOJIOKHUTENBHO CKa3aloch Ha
MOJJIep)KaHNK TPUOIM3UTEIHHO OAMHAKOBOTO pacxoja Traza M koddduimeHra u30bITKa
BO31yXa.

2. Ipn momaue HCB, xak m B paHee MPOBEACHHBIX JKCIEPUMEHTAX, HAOIIOMacTCS
CHIDKEHHE TeMIepaTypbl BO BCEX KOHTPOJBHBIX ToukaxX. PaHee OBLIO yCTaHOBIEHO, YTO
nporecc 00E3BPEKUBAHUS OCYLICCTBIISICTCS NPEUMYIIECTBEHHO Ha HWHTEpBae MEXIY
tepmomnapamu T02 u T03. DTo moaTBEpKAaETCS U TEIUIOBU3HMOHHON cheMKo. [Ipn HU3KO#
KOHLEeHTpaluu HeTenponykroB B HCB cHibkeHHe Temneparypbl MakCUMalIbHO, TaK Kak B
ra3oxoJ| MojaeTcsi OOJbIIOE KOJMYECTBO BOJbI, MMEIONIEH BBICOKYIO YAEIBHYIO TEILIOTY
mapooOpa3oBaHus, W TEM caMbIM OTOMpaeTcs Oojpliee KOIM4eCTBO TemuoTel. C
yBenmueHneM He(Teconepkanus B nopaBaemoii HCB, mpomcxogur HX OKHCICHHE,
COIIPOBOXK/AIONIEECS] BBINCJICHHEM TEIUIOTHI, HYTO BBI3BIBAET HEKOTOPOE IIOBBIIICHHE
TemrepaTypsl. [Ipy yMepeHHOM yBenmYeHNH KOHLEHTpauu (10 3,5%) pocT TemmepaTypsl
HaOMI0aeTCs TPEX/ie BCETro B OKpecTHOCTH TepMomapsl T03, a nanpHelee yBelndeHHe
KOHLEHTPAIMH IPUBOANT K MOBBIIICHHUIO TEMIIEPATyphl BO BCEX TOUKAX Ia30X0/a.

3. Jna paccmaTpuBaeMbiXx TEIUIOBBIX YCIOBHH (Tpux =520 °C, pep = 1,8 0Oap)
JIOMYCTUMBIM CJIEIyeT CUnTaTh coaepxanue HegTenpoaykroB B HCB Ha ypoue n0 3,5 %,
MIOCKONBKY B JIaHHOM JHana3oHe O0eclednBaeTcsl YCTOWYMBOE IPOTEKaHUE IPOIIECCOB
UCMApEHHs, TEPMHYECKOTO Da3joKEHHss M OKUCIEHHs 0e3 YXY/UIEHHS HSKOJOIMYEeCKUX
mokasaresel paboThl yCTaHOBKH.
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IKOHOMMHKA, IOTUCTHKA H MEHE/[’KMEHT HA
TPAHCIIOPTE
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Co3nanne 0co0bIX IKOHOMUYECKHUX YCJIOBHH JJIA PA3BUTHS
peYHO TEPMUHAIbHOU HHPPACTPYKTYPbI

A.B. Ipeiioann

ORCID: 0000-0003-0136-2495

Bonorcckuii 2ocyoapemeennsiil ynusepcumem 800noeo mpancnopma, 2. Huowcnuti Hogeopoo,
Poccusa

AnHoTtanmsi. B HacTosimee Bpemst B Oouiblliee BHIMaHUE CO CTOPOHBI PYKOBOJICTBA HaIlSH
CTpaHBl yAelsieTcs BOIPOCAaM IOBBIMECHUS 3()(EKTUBHOCTH HCIIONB30BAaHUS YHHKAIBHOTO
reorpa(uIecKoro MOTEHIHANA, Pa3BUTHS PEUHBIX IIEPEBO30OK U IIOPTOBOI HHPPACTPYKTYPHI.
[loBbllIeHNE TIPUBIEKATENPHOCTH U IPHBICUCHHE WHBECTUIMH B HaHHYIO cdepy
JEATETbHOCTH MPEACTABISECTCS BO3MOXHBIM 3a CUYET IPEAOCTABICHHUS B IPUOPEKHBIX
BOJHOTPAHCIIOPTHBIX y3JaX OCOOBIX JKOHOMHYECKUX YCIOBHH XO3SHCTBOBAHHS ITyTEM
CO3JaHusd Ha WX TEPPUTOPUM OW3HEC-WHKyOaToOpoOB, TEXHONApPKOB, IOPTOBBIX OCOOBIX
SKOHOMHMYECKHX 30H. MOJIEpHH3alHi0 pedHod WHOPACTPYKTyphl IO BCell CTpaHe
11e71€c000pa3HO OCYILIECTBIIATh LIEHTPATN30BAHO Ha OCHOBE (HPOPMUPOBAHHSA KOMIUICKCHOH
ONOpPHOM CHUCTEMBl TOPTOB, COOTBETCTBYIOLIEH €QUHOM KOHLENUIMH U CTaHJapTaMm.
Peanmzaruio BBIMIEyKa3aHHBIX MEPOIPUSTHH NPEATaraeTcsi OCYIIECTBUTH ITyTEM CO3JaHUS
TOCYJJapCTBEHHOI ~ KOPIIOpAI[MM, CHOCOOHOH TIPOBECTH B  CTPAaHOBOM  MacmTabe
HEOOXOMMYI0 MOJAEPHHU3AIMIO MOPTOBOW WHPPACTPYKTYPHI H 0OECHEUUTh OIaronpusaTHbIE
yCIIOBHS JUIsl pabOTHI Pa3IMYHBIX OPraHH3AUH TPAHCIOPTHO-TOTHCTHYECKOTO KOMITIEKCa U
Ipyrux cep AesITeIbHOCTH.

KiioyeBble ca0Ba:  pedHOH  TpaHCHOPT, TOpTOBas  HHQPACTPYKTypa, OCOOBIC
9KOHOMHYECKUE 30HbI, OM3HEC-HHKYOATOPBI, TEXHOIIAPKHU, TOCYAAPCTBEHHBIE KOPIIOPALIIH.

Creation of special economic conditions for the development of
river transportation

Dmitry V. Dreiband
ORCID: 0000-0003-0136-2495
Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. Currently, the leadership of our country is paying more and more attention to
improving the efficiency of using its unique geographical potential, developing river
transportation and port infrastructure. Increasing the attractiveness and attracting investments
in this field of activity is possible by providing special economic conditions in coastal water
transport hubs by creating business incubators, technology parks, and port special economic
zones on their territory. It is advisable to modernize the river infrastructure throughout the
country centrally based on the formation of an integrated port support system that meets a
single concept and standards. It is proposed to implement the above measures by creating a
state corporation capable of carrying out the necessary modernization of the port
infrastructure on a national scale and providing favorable conditions for the work of various
organizations.
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BBenenue

B HacTtosmee Bpemss ¢ y4€TOM H3MEHEHUS MAaKpPOIKOHOMMUYECKON CHUTyalluu BCE
OonbIlice BHIMAaHHE CO CTOPOHBI TOCYIAapCTBA YAEGNSAETCS BONPOCAM Pa3BUTHS BOJHOTO
TpancnopTa. Poccuiickas ®Penepanns (mamee — PD) 3aHmMaeT BTOpoe MECTO B MHUpE IO
MPOTSDKEHHOCTH BHYTPEHHUX BOAHBIX myTeil (128 Teic. kM — KHP, 102 ThIC. KM - PD).
OpHako HECMOTPSI HA YHUKAIBHBIN reorpadMyecKnii HOTCHINAT 00bEM PEUHBIX IEPEBO30K
B MOCJIETHHUE TOABI HEe JOCTHTAeT BBHICOKMX MoKaszarener (puc. 1), He mpeBbrmaer 120 MiH
ToHH B rof [1]. Ans cpaBHeHus uyTh Gonee 30 yeT Ha3a] NepeBO3KM BHYTPEHHUM BOJHBIM
TpaHcnopToM (nanee - BBT) B Hamieli crpane nocturanu 6onee 500 MIIH. TOHH B TOJI.

Homnst nepero3ok BBT B 001ieM 00béMe mepeBo30K cocTaBisieT MeHee 2%, B TO BpeMs
KaKk Ha aBTOMOOWIBHBIH TPAHCIOPT MPHUXOTUTCS Oonee 65%, Ha KEIC3HOIOPOKHBIA —
cBeime 17% [2].
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Puc. 1. O6BpEM IepeBO30K BHYTPEHHUM BOAHBIM TPAHCIIOPTOM
B niepuoa ¢ 2019 no 2024 ronel, MIIH. T

Bcé 310 cBHAETENHCTBYET O HEOOXOAMMOCTH MPUHSITHS Mep Ha TI'OCYAapCTBEHHOM
YPOBHE Ul HCTIPABIICHHUS CUTYAIlMM U TIOBBIIICHHS IMPHUBICKATEIHHOCTH ACSTEIBHOCTH B
chepe pedHbIX MepeBo3ok. OAHUM M3 HANPABICHUH M TNPEJIOKESHUH IO YBETHUCHHUIO
o0néma mepeBo3ok BBT saBisercs co3maHne HHHOBAIIMOHHOTO MeEXaHW3Ma pa3BUTHS
pedHO TOPTOBOW WHPPACTPyKTyphl. PacmmpeHue [TOTM PEUHBIX TEPEBO30K B
Ipy30000pOTE SBISETCS JIOTHYHBIM M TEPCHEKTUBHBIM BAPHAHTOM Pa3sBUTHS 3KOHOMHKH
cTpaHbl. Pemenne naHHOU 3a1a4y MPeACTaBIsAETCs BO3MOXKHBIM IIPH CO31aHUM YCIOBHMN IS
NIPUBJICYECHUST HMHBECTHIMH B PEUYHYIO IOPTOBYIO HHQPACTPYKTYpy, NPOBEACHHH
MaciTabHOH MOJICpPHHU3ALMH TPHOPE)KHONH MHPPACTPYKTYphl BHYTPEHHHX BOJHBIX ITyTEH,
(OpPMHPOBaHNHM KOMIUIEKCHOW OIOPHOW CHCTEMbl IOPTOB, COOTBETCTBYIOIIEH €AMHOMN
KOHIIETIUH U CTaHAAPTAM.

Ceronnsa B Poccun neiictByer okono 180 moproB, u3 koTopeix 117 pacmonoskeHsl B
PEYHBIX aKBaTOPHAX. Bcero akTHBHO OCYIIECTBISIIOT CBOIO IEATEIFHOCTH 30 OPTOB, B TOM
grcae 14 peunsix [3]. Peanmsamus BBIIeyKa3aHHBIX MPEIJIOKEHHUH, TI0 MHEHHIO aBTOPA,
BO3MOXXKHAa B CTPaHOBOM MacIiuTabe Hpu 00ECleueHnH CO CTOPOHBI TOCYJApCTBa E€IUHOTO
LEHTPAIM30BAHHOTO IMIpOIlecca YHPABICHHS M KOOPAWMHAIMK B IOPTaxX JEATEIHHOCTH
OM3HEC-CTPYKTYp, OPTaHU3alMi U BEIOMCTBEHHBIX YUpPEXKICHHH, a Takke (HopMupoBaHHe B
noprax HeoOXoauMol WH(PAcCTPyKTypsl W NPHUBIEKATENbHBIX YCIOBUH Juis paboThI
pa3MYHBIX OpraHW3alldii  TPaHCIIOPTHO-JOTUCTUYECKOTO KOMIUIEKca M JApyrux cdep
JIeSITEIbHOCTH.

[TopTel O Beei cTpaHe MOJDKHBI CTaTh MECTOM aKKyMYJIMPOBAHUS Pa3IMYHBIX OH3HEC-
CTPYKTYp M OpraHU3alMi, JesTeNbHOCTh KOTOPBIX CBs3aHA B TOW MM MHOM CTENEHU C
TPaHCHOPTHO-IOTHCTUYECKUMU ycIyramu (TIepeBO30YHBIMH, 9KCHETUTOPCKUMU,
CTHBHJIOPCKUMH, (PMHAHCOBBIMH, MHBECTHUIIOHHBIMH, AWJIECPCKUMH, MPOU3BOICTBCHHBIMH,
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KOHCANTHHTOBEIMA ® T.I.). COOTBETCTBEHHO HWH(QPACTPYKTypa B TOPTaX JJOJDKHA
crocoOCTBOBATh Pa3BUTHIO OJATONIPHUATHBIX YCIOBUH I 3((HEKTHBHOTO B3aMMOACHCTBUL
BBIIIICHA3BAHHBIX OPTaHU3AIHH.

ITpakTrdeckas peanu3anys NAHHBIX IPEAJIOKEHUH IPEACTAaBISAETCA OT MPOCTOrO K
CIIO)KHOMY, OT CO3JlaHMsl OM3HEC-MHKYOaTOpoB B IMOpPTax 10 (OPMHUPOBAHUS MOPTOBBIX
0c00BIX AKOHOMHIYECKHX 30H (nanee — [1093) u rocyaapcTBEHHBIX KOPIIOPALHH.

Llenpro HACTOSILETrO MCCIEAOBAHUS SIBISICTCS IPOBECTH AaHAW3 BIMSHHUS OCOOBIX
HSKOHOMHYECKHX YCJIOBHH Ha pa3BUTHE PEYHON TepMHHAIbHON MH(QPacTpyKTyphl. B xoxme
JIAaHHOT'O MCCIIEIOBAHUS TIOCTABJICHBI CIICYIOIINE 3aa4H: TPOaHATU3UPOBATh HAIPABIICHHS
1 0COOCHHOCTH NPUMEHEHHsI OM3HEC-MHKY0aTopoB, TexHonapkos, [1033 mis npusieueHus
WHBECTHLIMA B pEYHYI0 TEPMHHAIBHYI0 HHQPACTPYKTYpY, OLEHHUTh IOTCHINAIbHBIA
skoHOMIYecKui 3ddekt ot co3manus [10D3 m ero BAMAHWE HA YPOBEHH COIMAJIHHO-
SKOHOMHYECKOTO pa3BUTUS PETHOHA, IPOAHATM3UPOBATH BO3MOXKHOCTH  CO3JaHHSA
TOCYAapPCTBEHHON KOPIOPALMH AJSI BOCCTAHOBIICHUS W MOJEPHHM3ALUKM PEYHOW ITOPTOBOU

nH(PaCTPYKTYpPHI.

Metoabl 1 MaTepHaJIbl HCCICIOBAHUSA

B npouecce HamucaHusl JaHHOTO MCCIEIOBAHMS ObLIM U3Y4YEHBI U MPOAHAIN3UPOBAHBI
MyOJMUKalnK, TOCBSIICHHBIE JESTENILHOCTH OCOOBIX 9SKOHOMHUYECKHX 30H, OH3Hec-
HHKYy0aTOpOB, TEXHOMApPKOB U Trockopmopaiuil. IlpoBeneHa rpynnupoBKa MOIY4EHHBIX
pe3yabTaTOB U PacCMOTPEHBI Hambolee aKTyaJlbHbIe HAay4YHO-METOIMUYCCKHE MOIXOMABI U
pekoMeHIanuu B cepe rocyJapcTBEHHO-YaCTHOTO NapTHEPCTBA, CIIOCOOHBIE KaueCTBEHHO
MOBJIMATh HAa PAa3BHTHE PEYHBIX IEPEBO30K M OOBEKTOB MH(PACTPYKTYpHI BHYTPEHHETO
BOJIHOTO TPaHCIOPTA.

B ocHOBy wuccnenoBaHMs BOUIIM AaHHBIE O(GUIIMATbHOW CTATHCTHKH, OTPAaCIEBBIX
W3JaHUH, WCIONBb30BAaHBI METOIBl TPYNIHPOBKHM M KIACCH(UKAIHH, CPaBHUTEIHHO-
aHAITUTUYECKHE METOJBI, a TAKKE MPEACTaBJICHA OLICHKA MPOTHO3UPYEMBIX PE3yNbTaTOB HA
OCHOBE METOJ]a TOCTOSIHHOTO POCTA.

Pe3yabTaThl u 00CyxkIeHHE

B Hacrosimiee Bpemsi B Poccun (QpyHKUHMOHHPYIOT 59 0COOBIX IKOHOMHYECKHX 30H
(mamee — O33), B ToM uyucne 2 TOPTOBBIE, 7 TEXHUKO-BHEApeHYeckux, 11 TypucTcko-
PEeKpearuoHHbIX, 39 MPOMBIIUIEHHO-IPOU3BOACTBeHHBIX. B 023 3apeructpuposano 1300
pe3uAEeHTOB, 00BEM BIIOKEHHBIX MHBECTUIIMM COCTAaBMII CBbINIE 2,7 TpiIH pyOne, co3gaHo
Oonee 108 Thicsiu pabouMx MeCT, yIUIayeHO Hopsaka 652 mipa pyOneil HaloroBhIX
IUIaTeXeH, TAMO>KEHHBIX OTYHCIICHHH M CTPaxOBBIX B3HOCOB.

OnHMM M3 HanpaBJIeHUH BO3MOXHOTO POCTA PEUHBIX NMEPEBO30K W Pa3BUTHS MOPTOBOM
nHQPaCTPyKTypHl, 10 MHEHUIO aBTOPA, SIBIIETCSl CO3JlaHWE HA NPHOPEKHONH TEPPUTOPHU
OM3HEC-MHKY0aTOPOB.

HestenbHOCTh On3HEC-MHKyOaTOpa HampaBieHa Ha (OPMHUPOBAHHE YCIOBHH ISt
YCKOPEHHOTO Pa3BUTHS U BHEJPEHUS B 9KOHOMHKY CTpaHbl HHHOBAIIMOHHBIX TEXHOJIOTHH, a
TaKke  BBICTPAWBAHUS  B3aMMOBBITOJHBIX  DKOHOMHYECKMX  OTHOMICHHH  MEXKIY
rOCY/IapCTBEHHBIMH OpraHaMH BJIACTH W KOMMEPUYECKHMMH CTPYKTypamH, CyObeKTamu
MaJIoTo U CpeIHETo MpeAnpuHnMaTenbeTpa (panee - MCIT).

BusHec-mHKYOaTOpPHl TPENCTABIAIOT COOOW CIHEIHAIM3HPOBAHHYIO HH(PACTPyKTYpY,
BHYTPH KOTOPOW BO3MOXKHO IIOJNydeHHE KOMIUICKCHOW TMOJAEPKKH I10 JIBTOTHBIM
TIOHIDKEHHBIM TapudaM M CTaBKaM IOPUAWYECKUX, KOHCYJIbTAllMOHHBIX, (DMHAHCOBBIX,
OyXranTepcKux, PeKJaMHBIX W apeHAHBIX YCIYI, HalpaBICHHBIX HA OKa3aHHWE ITOMOIIN
MIPEANIPUHUMATEISIM U KOMMEPUYECKHM CTPYKTYpaM B Ha4aJbHBIH IEPUOJ CTAHOBJICHHS.
HanGonee BocTpeOOBaHHBIMH SBJISIOTCS KOHCYJbTAIMM 10 BOIPOCAM HaJOTr000JI0KEHHS,
KpPEIUTOBAaHUs, OyXTaJTepcKOro ydera, IIPaBOBOM 3aIlUThl, OW3HEC-TUIAHUPOBAHMS,
TIOBBIIIEHUsI KBaTM(pUKaInU 1 o0yuenus (puc.2) [4].
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| BII3HEC-ITHKYBATOP |
PA3ZMEILIEHIE IIPEJOCTABITEHIIE
MCII B HEXIUIBIX MCTI JOCTYIIA K
ITOMEIIEHITSIX ITHOOPMAIIIIOHHBIM
HA JILIOTHBIX BA3AM JAHHBIX
VCITOBILSIX
TEXHITYECKA S OKA3AHIIE MCII
DKCILTY ATAITILS KOHCVJILTAITIIOHHEIX
3IAHILS B VCIIVT IO BOIIPOCAM
KOTOPOM HAJIOT OOBJIOKEHIISA,
PA3SMEIIEHE] BYXTAJITEPCKOI'O
BIT3HEC- VUETA,
HHKYBIPYEMBIE KPEJIITOBAHIISA,
CTPYKTYPBI MCII IIPABOBOIT 3AIIIITEL
FIT3HEC-
IUIAHITPOBAHIIS,
IOBBILIEHILS
KBAJTIIOIIKAIIIIIL,
OBYUIEHILS
BBIIIOJIHEHIIE ITOJIHOIO KOMILIEKCA IHBIX BCIIOMOI ATEJIBHBIX
VCIIYT, HATIPABITIEHHBIX HA COAEIICTBIE SKOHOMITIECKOMY
PA3BITINO II POCTY ITOTEHITIIATTA MCII

Puc. 2. OcHOBHBIE MepHI MOANCPKKU B OM3HEC-HHKYOaTOpe

Bonee xoMmiiekCHBIMU 1 (pyHIaMEHTANBHBIMH, ¢ TOYKH 3pEHUS HHPPACTPyKTypHOTO U
HAYYHO-TEXHHYECKOTO IIOXOAa, IO IPOJABIDKCHHIO MW BHEAPEHUIO B  IIMPOKOE
MIPOM3BOJICTBO HHHOBANMI U ONBITHBIX Pa3pabOTOK SBISIOTCS TEXHOMAPKH.

B IlocranoBnenuu IlpaBurensctBa Poccuiickoit ®enepanun ot 30.10.2014 Ne 1119
«O6 otbope cyopekToB PO, nMeronyx MpaBo Ha MOJTyYEHHE TOCYAAPCTBEHHOHN MOANCPKKI
B ¢Qopme cyOcuamii Ha BO3MELIEHHE 3aTpaT Ha co3laHue WH(PacTpyKTypsI
HHAYCTPHAIBHBIX MApKOB U TEXHOIMAPKOB)» OINPENENEeHO, YTO TEXHOMApK — 3TO KOMIUIECKC
WHHOBAI[MOHHON  HMHQPACTPYKTYpHl, O0OECHEeYMBAIOMINN TONHBIA NHKI YCIyr IO
Pa3MEIeHHIO U Pa3BUTHIO HOBBIX HHHOBAIMOHHBIX KOMIIAHUH.

OCHOBHOH TIETIBI0 TEXHONApPKOB sBIsAETCS oOOecmeyeHne YCKOPEHHOro pocTa
MHHOBAI[MOHHBIX KOMIIAHHM B MPHOPUTETHBIX U1 TOCYAAapCTBAa OTPACIAX, B TOM YHCIIE
TPaHCIOPTHOM.

Crparernueckoi 3ajadell TEXHOMApPKOB SBIAETCS CTUMYJIHMPOBAHUE JEATEIHLHOCTH
MaJIOTO U CpeAHero OM3Heca M0 peann3aliy HOBBIX MJIeH M HAYKOEMKHX TE€XHOJIOTHI (pHC.
3). Kak mnpaBwio, BHYTpM TeXHONapka (OPMHPYIOTCS HECKOJIBKO (DYyHKIMOHAIBHBIX
HalpaBJIeHUH: OM3HEC-MHKYOaTOphl, MH)KWHUPHHTOBBIE IIOMAAKHA U IIEHTPBI KIACTEPHOTO
pazsurus [5].
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| TEXHOIIAPK " |
ITIPEJIOCTABJIEHHIE HA HAJIIYHE YIIPABJISIOIELT
JIbI'OTHBIX ¥ CJIOBILSIX KOMITAHIIH, OFbEITHSIOIIEI
O®IICHBIX 1 OTPACJIEBBIE BI3HEC-
ITPOI3BOJCTBEHHBIX HHKYBATOPEIL,
TIOMEILEHIIIT, OCVILECTBJLSIOLIEIT
OBOPVJIOBAHHBIX KOOPITHAITITIO
COBPEMEHHOIT ITHHOBAITITOHHOI'O PA3BITIIS
BEICKOTEXHOJIOITYHOIT PEIMOHA, MOHHITOPITHI
TEXHIKOIT 2DOOEKTHBHOCTII I
COBEPLIEHCTBOBAHIILSA
ITHHOBAIIIOHHOIT
JESTEJILHOCTII
HAJIHYIIE PA3BHTOII OKA3AHIIE PA3JIHYHBIX MEP
TPAHCIIOPTHOII I TNOJAEPKKII PE3IJIEHTAM, B TOM
JIOTHCTHYECKOIT UIICJIE 3A CUET
HHOPACTPYKTVPBI TOCYJAPCTBEHHLIX CPEJICTB
PETTIOHAJIBHOT O I1
DEJIEPAIILHOTI'O BIOLKETOB

Puc. 3. OcHOBHBIE IpeUMyIIECTBa TEXHOIIApKa

OtaenpbHO HEOOXOJUMO OTMETUThH POJIb M 3HAYCHUE JEHCTBYIOIIMX B CTpaHe OCOOBIX
9KOHOMHYECKUX 30H (manmee — OD3), HA TEPPUTOPUH KOTOPBIX MPEIOCTABIISIOTCS OCOOBIC
J9KOHOMHYCCKUE TMNpeepeHInH IS JACATCIbHOCTH OW3HEC-CTPYKTYp (HAJIOTrOBBIC U
TaMO>KEHHBIE JIbTOTHI, BBITOJIHBIE YCIOBUS 10 apeH/ie MOMEIICHUH U 3€MENbHBIX YUacTKOB,
OTCYTCTBHE  aIMHUHHCTPAaTHUBHBIX  «0apbepoB»), a Takke JII  (OPMHPOBAHUS
ONaroNpUATHOTO WHBECTUIIMOHHOTO KiIuMaTa [6].

B cootBerctBUM ¢ 3akoHonmarenbcTBOM Poccuiickoir denepanuu Ha TEPPUTOPUHU
cTpaHbl AeHCTBYIOT 4 ocHOBHEIX THIIAa OD3 1 1 - ocobeHHast (puc. 4).

| THIIBEI OCOBBIX DKOHOMITUECKIIX 30H |
TEXHWKO-BHELOPEHUYECKAR TYPWUCTCKO-PEKPEALIMOHHASR
(OCYLECTBNEHWE UHHOBALMIA (PA3BUTWE TYPU3MA M CAHATOPHO-
B COEPE M3rOTOBIEHVIS KYPOPTHOW AEATENEHOCTW)
HAYYHO-TEXHUYECKOWN
NPOOYKLIMW)
[IPOI3BOICTBEHHO- [IOPTOBAS
TIPOMBIIIITEHHA 5 (PASBHTIHE CYIIOCTPOEHIIS IT
(M3rOTOBNEHVE, CYJIOPEMOHTA, A TAKXKE
MEPEPABOTKA W PEATTM3ALINSA TPAHCIIOPTHO-JIOT'IC THUECKOIT
NMPOOYKLMW) JESITEJILHOCTH)
OCOBEHHA fI
(CO3/IAHBI B KAJIMHIIHIPAJICKOIT 1 MATAJJAHCKOIT OBJIACTSIX,
CEBACTOIIOJIE H KPLIMY)

Puc. 4. Tunsl 0COOBIX SJKOHOMHYECKHMX 30H

ITopToByro 0cobyro aKOHOMUYECKYIO 30HY (najiee — [1033) nenecoodpaszHo co3maBaTh B
MeCTaX TATOTEHHS KPYITHBIX TPAHCTIOPTHBIX TIOTOKOB, PSJIOM C MarkCTPAILHBIMH JOPOTaMHu
(>kene3HOIOPOKHBIMHU, aBTOMOOHMJIBHBIMH) U CYJOXOJHBIMH ITYyTSIMH, a TakK€ MOPCKHMH,
PEYHBIMU ¥ aBUAIIMOHHBIMH [TOPTAMH.

ITo mMuenuto aBTopa, [1033 NOMWKHBI cO34aBaTHCS BO BCEX KIIIOUEBBIX TPAHCHIOPTHBIX
y3JIaX CTPaHbI, PACIIOIOKEHHBIX PSIIOM C CYIOXOIHBIMU BOJTHBIMHU ITyTSIMHU.

Ha naHHOW TeppHTOpHH HODKHA OCYIIECTBIATHECS KadeCTBEHHAs HACTpOika pabOTHI
TPAHCIOPTHBIX, JIOTUCTHYCCKHUX, OSKCICAWIUOHHBIX, CTUBHIOPHBIX, CYIOPEMOHTHEIX,
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CYJIOCTPOUTENbHBIX, HAYYHO-IIPOM3BOACTBCHHBIX, (HUHAHCOBBIX M MHOTHUX JAPYTHX
OpraHW3aIlli, HEOOXOMUMBIX IUII B3aUMOBBITOMHOTO  (yHKHHOoHHpoBaHus [1033

(puc.5) [7].

| OCHOBHbIE HAMNPABJIEHUS JEATEJBHOCTH [1033 |

CTPOUTEJILCTRO, DOPMIIPOBAHIIE
MO/JEPHU3ALIMS, KOM®OPTHOIT 11

PEKOHCTPYWUPOBAHUE, BLICOKOITPOI3BOIUTEILHOIT
WCTIOJb30BAHUE JIOTIIC THYECKOIT

WHOPACTPYKTYPhI [TOPTORLIX (TIOPTOBOIT)

TEPMWUHAJIOB, OFbEKTOB U HHOPACTPYKTVPHI, A TAKKE

TJIOIAJEM PAITIIOHATIFHBIX

TPAHCIIOPTHLIX MAPIIPYTOB

[NPEJOCTABJIEHME TPAHCIIOPTHO-
JIOTHCTUYECKHX YCJIYT, B TOM
YMCJIE B COEPE [TIOPTOBOK U
CKJIAJICKOW JEATEABHOCTH

PEMOHT, CEPBHCHOE H
TEXHHUYECKOE OBC/IYKMBAHHE
[MOABHUMHOI'O COCTABA
PA3HBIX BUJOB TPAHCIIOPTA

CHABXEHHWE HEOBXOJUMbIMH
TOBAPAMH

CYJOPEMOHTHBIE U
CYJIOCTPOUTEJIEHBIE PABOTHI

BbIJIOB M 3ATOTOBKA
MOPETIPO/JIVKTOB U PbIBbI

OIITOBAA TOPT'OBJIA

I  noafePsKKA AMUHUCTPATMBHO-X03SMCTBEHHOH AEATEJABHOCTH 1033 |

Puc. 5. OcnoBHble HanpasieHus aesrensHocTd [1093

OcHoBHbIMU 3amadamu  [1033 sABASIOTCS pa3BUTHE TPAHCIOPTHO-TOTHCTHUYECKOM
HHPPACTPYKTYPhl TEPPUTOPUH PErHOHA W HamboJee PAalMOHAIBLHOE HCIOJIB30BAHHE €ro
reorpamueckoro MOJOKEHHUs, MOBBIIIEHHE KOHKYPEHTOCIOCOOHOCTH TOBapOB M YCIHYT,
CO37IaHME€ HOBBIX PAOOUYMX MECT, NPUBICYCHHE KPYMHBIX OOBEMOB WHBECTHUIIUH B
SKOHOMHKY PErMOHa U CTpPaHbl B IIEJIOM, CIHOCOOCTBYIOIIUX YCKOPEHHIO JOCTHXEHUS
TEXHOJIOTUYECKOT0 U COLMAILHOTO nporpecca [8].

PaccMoTpeHHBIE BapHaHTBI, MEPONPHATHS U TPEIIOKCHHS 10 KOMIDICKCHOMY
Pa3BUTHIO PEYHBIX TMEPEBO30K W  TIOBBIIICHUIO YPOBHA WX  HHBECTHIIMOHHOM
MIPUBIICKATEIHPHOCTH IIeNIECOO0PAa3HO OICHUTH, OINPENCSIUTh HX 3HAYNMOCTH U YPOBEHB
BIUSIHASA Ha SKOHOMHKY pErHOHa W TOCYAapcTBa B IeMOoM. [Ipi 3TOM BaKHO MOHSTH
CHHEPIreTUUCCKUH (PPEKT BBIMICYKA3aHHBIX MEPONPHUITHN HE TOJIHKO HAa SKOHOMHYECKHE,
HO U Ha collMaibHbIe, IeMoTpaduieckre, 'yMaHUCTHIECKHe Tpoliecchl [9].

[Ipennaraercss TPOBECTH OIEHKY COLMAIbHO-DKOHOMUYECKOW 3HAYUMOCTH  OT
peanmzanyu Kaxaoro npoekta Ha Tepputopun [1033 ¢ 1enpio BBISBICHHS OOIIETO
ToKasartessl YPOBHS COIMATbHO-9KOHOMHYECKOTO Pa3BUTHS PETHOHA.

Hauath ompeneneHue MEepCHEKTUBHOTO TUIAHUPYEMOTO CHHepreThdeckoro 3ddexra
MPUBJICYEHUS] MHBECTHLIMH B PErHOHAIBHYIO HKOHOMHUKY, MOJYYEHHOrO MpH CO3JaHUHU
1033, npennaraercs ¢ Gpopmynsr 1.

Wnoas = Z:l:o U(BuyTp) + Z:l:() W (BHem), @Y

r7ie i = n — KOJMYeCTBO HHBECTUIIMOHHBIX IPOEKTOB;

U (BHYTp) — 00bEM MHBECTHIIMI B TPOEKTHI Ha TeppuTopuu [1033, pyo;

W (BHem) — 00bEéM mHBecTHIIMK B MpoekThl BHe 1033, HO Ha TEPPHUTOPUU PETHOHA,
BO3HMKIINX BCIIE/ICTBHE peanu3anuu npoekros 11033, pyo6.
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OO0mmii 00bEM WHBECTHIIMA B PETHOHATIHHYIO SKOHOMHKY C YYETOM peaji3aliu
mpoekToB Ha Tepputopun I[10D3 mpemmaraeM NOCYHTATh, HCTIONB3YSA GopMmyrty 2.
IMokazatenn mo JuHAMMKE W OO0BEMY B OCHOBHOM KamHUTal II0 MOJHOMY KpYTY
XO3SHCTBYIOMNX CyOBEKTOB IOMYYEHBl Ha OCHOBE [aHHBIX TeppHUTOPHAIBHOTO OpraHa
denepanbHOl cyKOBI TOCYIapCTBEHHOM CTaTUCTHKK 10 Hinkeropoackoii odnactu (nanee -
Huxeropoacrar) [11].

Woow = I/Iper + Uno»s ) (2)

rne Wper — 00bEM MHBECTHLINIT B DKOHOMUKY peruoHa, 0e3 ydera nuBectunuii B [1033;
Uro»3 - 006EM uuBecTHnil ipu co3nanuu [1033.

KonnuecTBo NpUBIEUYEHHBIX MHBECTULMN HEMOCPEACTBEHHO OKa3bIBaeT BIIMSHUE Ha
JUHAMUKY BaJOBOTO pEeruoHaNbHOTO MpoaykTa (naisee — BPII). CymiecTByeT HECKOJIBKO
noaxooB k onpeaenenuto BPIIL. Paznuuator Tpu ocHOBHBIX MeToa ucuucienus BPII —3to
MIPOU3BOJICTBCHHBI METOMA, METOA (OPMHPOBAHUS II0 HCTOYHHKAM JOXOIOB M METOJ
KOHEYHOTO HUcnoiab3oBanus [10].

[lo omeHkam 3KcrepToB OOBEM MPSIMBIX WHBeCTHIUI B co3maHume [1033 moxer
nocturaTh 10 2% BPIIL, a cunepreruaeckuii 3¢ dexr mo 5% BPIT [12].

B namem ciyuae oOpatmMcs k ompexaenennto BPII ¢ momomsio MeToma KOHEYHOTO
ucnonp3oBanus (hopmyna 3).

BPII = U+ T+ , 3)

rae I1 — xoHedHoe motpebieHUe (BKIIOYAET B ce0Sl PacXobl TOMAIIHUX XO3SIMCTB U
HEKOMMEPUYECKHX OpPTraHH3allMi, a TakKe PacxXoibl TOCYAApCTBEHHOTO ympasieHus) [12],
pyo;

D — YHUCTHII 3KCHOPT (ompenensercss Kak pa3HUIa MEXIY 3KCIIOPTOM M HMIIOPTOM
TOBapoOB M YCJIYT' BO BHYTPEHHHX LieHax) [12], pyo.

B cootBerctBuu ¢ ®denepanpabiM 3akoHOM OT 22.07.2005 Ne 116-®@3 «O6 0coObIx
SKOHOMHYECKUX 30Hax B Poccuiickoit denepammu», uToObl cTaTh pesuaeHToM [1033
Tpebyercs BiIoxuTh He MeHee 400 MIIH. pyOJieii MHBECTUIMIA IIPH CTPOUTEIBCTBE OOBEKTOB
HHPPACTPYKTYphI, He MeHee 120 miH. pyOneit nmpu pexoHcTpyKiu. [Ipu 3TOM B TeueHue
NEepBBIX TPEX JIET B paMKaX YKa3aHHBIX BIIOXKCHUH KOMIAHUSI-PE3UJCHT JOJDKHA
MIPOUHBECTUPOBATH He MeHee 40 MITH. pyOIreit.

[To nmaHHBIM JemapTaMeHTa PErHOHAIBFHOTO Pa3BUTHS MUHHCTEPCTBA SKOHOMHUYECKOTO
pa3Butus Poccuiickoit @enepanuu mo coctosHuio Ha KoHell 2024 roga Ha TEPPUTOPUHU
Poccun neiictByror 2 I10O33, B KOTOPBIX HACUMTHIBAeTCA 57 KOMIIAHMH-PE3UIEHTOB C
00bEMOM MHBeCTULIMH 22,2 MIpA. pyOuieit.

Paccuntaem nporrHosupyemsiii ypoBeHs BPII mpu cozganuu 11093 B Hmxeropoackoit
obmactu. ITo manueiM AO «Kopmoparwst passutus Hukeroposckoii obmactu» B CO31aHue
1023 mnanupyercs mpusiedb Oonee 10 miapa. pybnelt, a exxerogHslii 00bEM MpUpOCTa
WHBECTHIIUH cocTaBUT cBbme | wmipn. py6rnerr [13]. [damseie mo pasmepy BPIT 3a
IIpeAbIIyIIre To6I IpuMeM o nHdopmannn Hmxeropoacrara, MUHUCTEpCTBAa (DUHAHCOB
Hwxeropoackoii oonactu [14].

TakuM o0Opa3oM pe3ynbTaThl ONpEIETCHUs JaHHOTO IIOKa3arellsi Ha OCHOBE
MIPOBEJICHHOTO CTATHCTHYECKOTO aHanu3a M pacuéToB B TabinuHoM penakrope MS Excel
IIPeCTaBIEHbI HA PUC.O.
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BerL ¢
MIpa. pyo
39207
38120
3622.1
3556,0
3307,0
3029,0
2700.9
2090,7 |
2022 2023 2024 2025 2026 2026 2027 2027
(mporuoz) (mporsHoz) (mporHoz (mporHoz) (mpor=Hoz
¢ yIéTOM ¢ yaéToM
CO3IaHIA co3maHIA
O"33) T1033)

Puc. 6. [Iporrosupyemsiit yposens BPII mpu cozganun [1033 B Hukeropoackoii oomactu

B xoneunom wurore paumHamuka BPII TecHO cBfizZaHa C ypOBHEM COLMAJIBHO-
9KOHOMHYECKOr0 pa3BuTHs pernona (mamee — YCOPP). YCOPP ompenenum, ucnons3ys
CTOMMOCTHOH TTOAX0/1, Ha ocHOBe Mozenu ['opmona (popmymna 4) [15].

BPIT*(1+q
YCOPP = B (1+q) , C)
(r-aq)

IIe  — IOKa3aTelb 0XHIACMOI'0 POCTa pPEruoHa (KpoMe SKOHOMHUUCCKUX B ceOs
BKITIIOYAET COIHAIbHbIC, eMOTpaguyecKre, T'yMaHUCTHYCCKHIE TOKA3aTeIH);
I — CTaBKa JUCKOHTHPOBAHUSI.

Brruncnenue nokazareneit Y COPP npu cozganuu 11033 Ha npumepe Hukeropoackoi
o0yacTu OyNeT SBIATHCS MPEIMETOM OTICIBHBIX UCCIICIOBAHIM.

MacmTabHOCTh ¥ KaHTaIOEMKOCTh TPOEKTOB 1O co3manmto [1033  tpedyer
TIIATENEHOTO TIOAXOJa K pealu3aliy, JeTaTbHOH MpOpabOTKA OpraHW3allMOHHBIX
MEXaHU3MOB U B3BEIICHHOT'0 HOPMATUBHO-IIPaBOBOTO TOCYAAPCTBEHHOTI'O PETYIIHPOBAHUS.

ABTOPOM PacCMOTPEH U MpPEeJI0KEH NMEePCIeKTUBHBIN IMyTh HHHOBAIIMOHHOTO Pa3BUTHSA
MMOPTOBBIX TEPPUTOPHUI CTPaHbI, OT Co3maHus OusHec-uHKyOaropor mo I1033. Iloxyuuth
TpeOyeMbiii 3hhekT 0T (QYHKIMOHHUPOBAHUS JAHHBIX CTPYKTYP BO3MOXHO TOJBKO MPH
rpaMoTHOM U 3{dekTuBHOM yrpaBieHHH. [0 MHEHHIO aBTOpa, IOJDKHBIM 00pa3oM
CIPaBHUTCS C TaKOi 3ajjadell B TIOJIHOM Mepe B CTPaHOBOM Maciitade criocoOHa Takast popma
OpTaHW3aINH U YIIPaBICHHS KaK TOCYIapCTBEHHA KOPIIOPAITHS.

B Poccuiickoii denepanuy rockopnopanuen sBisercss HeKoMMepueckas OpraHu3anus,
CO3/1aHHasl ATl Pa3BUTUSL PEATBHOTO CEKTOPA POCCUICKON SKOHOMHKH IMYTEM pealn3aluu
YIpaBIeHYECKUX, COLMAIbHBIX M MHBIX OOIIECTBEHHO-NOJE3HBIX (GYHKIMH (puc.7).
HNmymectBo, mnepenanHoe Poccuiickoit ®expepanueil rockopnopanuy, CTaHOBHUTCS €€
CcOOCTBEHHOCTHIO [16].

OCHOBHBIMH ~ [EJSIMA ~ TOCKOPIIOPALMM  SBJISIFOTCS ~ peajmM3alusi  CTPAHOBBIX
SKOHOMHYECKMX M COIMAJBbHBIX 3a7ad, IOBBIIICHHE PE3yIbTATUBHOCTH HAI[MOHAIBHBIX
MPOeKTOB ¥ (eaepanbHBIX  NPOTPaMM,  CO3AAHHE  BBICOKOTEXHOJOTWYHBIX U
KOHKYPEHTOCIIOCOOHBIX IPOU3BOCTB, 000PYAOBAHUS, IPOLYKIHH U yciyrT [17].

135



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

| TOCKOPIIOPAIIMH PD |
ATEHTCTBO II0 CTPAXOBAHHIO BAHK PA3BUTHA 1
BKJIAJIOB (ACB), CO3JAHO B 2004 BHEIIHESKOHOMHUYECKOI
roay IEATEJILHOCTH
(BHENT3KOHOMBAHK), CO3JIAH
B 2007 TOOY
®OH]T COMEICTBIS TOCYIIAPCTBEHHAS
PEGOPMHPOBAHNIO JKIIHIIHO- KOPIIOPALTHA [TO0 ATOMHOIT
KOMMVYHAJIBHOTO SHEPTHH «POCATOM»,
XO3SCTBA (@OH] KKX), CO3JIAHA B 2007 TOTY
CO3JIAH B 2007 TOTY
TOCYIAPCTBEHHAS TOCYIAPCTBEHHAS
KOPIIOPAILTIS KOPIIOPAIIHA TIO
10 COJEICTBHIO PA3PABOTKE, KOCMMYECKOIT
TIPOM3BOJICTBY 1 SKCIIOPTY TMESTEJBEHOCTH
BBICOKOTEXHOJIOHYHOI «POCKOCMOC», CO3]JAHA B
TIPOMBIILTEHHOI ITPOIYKITMHA 2015 TOITY
«POCTEX», CO3TAHA B 2007 TOIY
TOCYIAPCTBEHHAS TOCYIAPCTBEHHAS
KOPIIOPALIH «OJIIMIICTPOL», KOPITOPAITHS «POCCHIICKAS
CO3IAHA IS [TPOBEIEHNS KOPIIOPALTS 11 HHBECTOP B
OJIMMITHIICKUX WP B COYH B HAHOTEXHOJIOTHH», CO3IAHA
2014 TOMY, MUKBUIUPOBAHA B B 2007 TOIY, B 2011
2015 TOJLY [IOCJIE OKOHUYAHIS [IPEOBPA30BAHA B AO
OJIMMITNAIEI «POCHAHO», THKBHIPOBAHA
B 2022 TOOY

Puc. 7. Ilepeuens rocyaapcTBeHHbBIX Kopriopanuii Poccuu

OcHOBHOW 3afavell CO3JaHMsI TOCYJAPCTBEHHBIX KOPIOPAIMK SIBISETCS pPa3BUTHE
OTEeNbHBIX HANpaBIEHUH JIEATENBHOCTH OTpacieil 9KOHOMHKH, KOTOpPbIE HMEIOT
CTPAaTEeruuecKoe 3HAYEHUE IS COLMAIBLHOM M XO3SAHCTBEHHOM JKU3HU CTPAaHbl U HU3KYIO
MIPUBJICKATEIBHOCTh CO CTOPOHBI YACTHBIX HHBECTOPOB. BOCCTaHOBIIEHUE HEKOTOPHIX chep
Poccuiickoil 5KOHOMHKH HEBO3MOXKHO 0€3 Toiep KU rocyaapcTsa [18].

B TO Xe BpeMs poip rocymapcTBa HE JOJDKHA CBOJUTHCS TOJIBKO K TPEIOCTABICHUIO
JMBTOT, CyOcummii, motanuii u cyOBeHmmid. HeoOxommMo rpamotHOoe U 3(h(deKkTHBHOE
yOpaBJICHHE aKTUBAMH H OOBEKTaMH TOCYIAPCTBEHHOW COOCTBEHHOCTH C IIETIBIO
JOCTIDKEHUS TUTAHOBBIX CONMANTEHO-9KOHOMIYECKUX TIOKa3aTeslel i MPHOBLIH.

T'ockopnopanuy co3qaroTes sl pean3alliil KPYIHBIX KalMUTaT0EMKAX MPOeKToB. OHA
OCHOBBIBAIOT CBOIO JIEATENILHOCTh HA MEXaHU3MaxX TOCYIapCTBEHHO-YAaCTHOTO MapTHEPCTBA,
AKKYMYJIUPYIOT METOJIbI TOCYIAPCTBEHHOTO PETYJIUPOBAHUSI U KOMMEPUECKOTO YIIPaBJICHUS
C MHHOBAIIMOHHBIM TMOJXOMOM JUIi PEIICHUS KPYMHBIX COIHAIbHO-3KOHOMUYECKHUX
nmpoOJieM B pPa3jM4YHBIX OTPaCisAX HAPOJHOTO Xo3sicTBa. [IpHOBUTE OT KOMMEpUYECKOM
JESTEIbHOCTH W HWCIOJB30BaHUS TOCYJApCTBEHHOTO HWMYIIECTBA, Kak IPaBUIIO,
HaIpaBJIsIeTCs Ha 0OIIECTBEHHO-TIONE3HbIe Tienu [19].

B wacTtHOCTH, TOCYIapCTBEHHBIC KOPIIOPAlUM MOTYT OBITh PACCMOTPEHBI Kak
3¢ (GEeKTHUBHBII MEXaHW3M MOJCPHU3AIMM W BOCCTAHOBJCHUS OTACIBHBIX OTpaciei
HApPOJIHOTO XO3SAHCTBA, B TOM YHCJIC PEYHOTO TPAHCIOPTA M MOPTOBOW MH(PPACTPYKTYPHI, a
TaKXKe KaTaIu3aTOPOM POCTa YaCTHBIX MHBECTUIUH B JaHHYIO chepy MesTeIbHOCTH.

3akaoyenue

HpI/IBCHGHHOC HCCIICAOBAHUEC CBUIACTCILCTBYCT O HCO6XOHI/IMOCTI/I MpUHATUA MEp Ha
TOCYAJAapCTBEHHOM YPOBHEC MJIsI TOBBIMNICHUA TIPUBJICKATCIBHOCTU ACATCIBHOCTH B cQ)epe
PEYHBIX NEPEBO30K, CO3JJaHUM WHHOBAIIMOHHOT'O MCXaHH3Ma pPas3sBUTHUAL pequﬁ HOpTOBOﬁ
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HHPPACTPYKTYPEI, MIPOBEICHUH MacmTabHON MOJIEpHU3AIIH puOpekHOU
nH(pacTpyKTypsl BHYTPEHHHUX BOIHBIX ITyTEH.

I[To MHeHHIO aBTOpa, OCOOBIE SKOHOMHYECKHE VYCIOBHSA BEICHUS XO3AHCTBEHHOM
JIESITENIFHOCTH  TOJDKHBI  CO3/1aBaThCsl BO BCEX KIIOUEBBIX BOJHOTPAHCHOPTHBIX Y37ax
CTpaHbl Ha OCHOBE (DOPMHUPOBAHUS KOMIUIEKCHOW OIOPHOM CHCTEMBI IOpPTOB,
COOTBETCTBYIOIIEH €IMHON KOHIICIIIIMN U CTaH/AapTaM.

Co3aHue rocyJapCTBEHHOW KOPHOpalMd WHHOBAIMOHHOTO DPAa3BHTHS HOPTOBBIX
TEPPUTOPUH CTpaHbl MO3BOJUT TIPaMOTHO MW A(PQPEKTUBHO YNPaBIATH OOBEKTAMH
TOCY/IapCTBEHHON COOCTBEHHOCTH, a TaK)K€ PAacIONIOKEHHBIMU Ha UX TEPPUTOPUH OH3HEC-
WHKY0aTOpaMy, TEXHONapKaMH W IIOPTOBBIMH OCOOBIMH 3KOHOMHYECKHMH 30HaMH.
Tlockopnopanust MOKeT OBITh pacCMOTpeHa Kak A(P(GEKTUBHBIN MEXaHI3M MOJICPHU3AINH 1
BOCCTAaHOBICHUSI HMH(PACTPYKTypHl BOJHOTO TPAHCIOPTA, a TaKKe IPUBICYCHUS
JIOTIOTHUTENbHBIX NHBECTHIIUH B PEUHBIC IEPEBO3KH.
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AHHOTanusl.  AKTyaJbHOCTb HCCIEIOBaHHA  OOYCIOBJICHAa  BbI30BaMH  IH(POBOH
TpaHcopMalUK CKIAACKOI JIOTUCTHKY, IJI1 KOTOPBIX CYIIECTBYIOIIHE HAy4HbBIC MOIXOIbI
HOCAT ()parMeHTapHBIA Xapakrep, (OKYCHUPYSACh Ha OTHEIBHBIX TEXHOJIOTHAX 0e3 ydera
CHCTEMHBIX OpPraHM3al[MOHHBIX ¥ KaJpOBBIX W3MeHEeHHH. Llenbro paboTel  siBIIsIETCS
pa3paboTKa KOMIUIEKCHOH METOJOJIOTUH, OO0ECICYMBAIOIIECH YCTOWYNBYIO IHHU(BPOBYIO
TpaHCGOpPMALMIO CKIAACKHX CHCTeM. B Xone HccienoBaHuss Ha OCHOBE TEOPETHKO-
METOJJOJIOTHYECKOTO aHaIW3a W CPAaBHHUTEIBHOIO ITOJXOJa OBUIM BBHISBICHBI KIIOYEBEIC
TEXHOJIOTMYECKHE TPEHIbl M CEMb TIPYNI CHCTEMHBIX OapbepoB uudposusanuu. B
pe3yibTaTe pa3paboTaHa OpPMIMHANIbHAs IATHITAIHAS METOIOJIOTHS, HHTETPUPYIOLIas
[OCJICI0BATENbHBIE  CTaAWM: JMarHOCTUKY, BHEIPECHHE TEXHOJIOTHH, ONTHMH3ALHUIO
nporeccoB, oOydeHHE IepCOHala M HENPEphIBHBIH  MOHMTOPHHI.  L[eHTpaibHBIM
HaYYHBIM PE3yJIbTaTOM SIBIISETCS CTPYKTYPHPOBaHHBII aNrOpUTM YIIpaBJICHUS
TpaHchopMalyel, HalpaBIeHHBIH Ha CHHEPTHI0 TEXHOJOTHMYECKUX, OPTaHW3alMOHHBIX H
COLMANBHBIX acCleKTOB. B 3akiroyeHHH OOOCHOBAaHBI CTpaTErMUecKUe HPHOPUTETHI IS
JOJITOCPOYHOI  yCTOWYMBOCTH  mpeoOpaszoBanmii:  mHTerpauus  ESG-npuHIMIOB,
9BOJIFOL[MOHHBIH MOAX0J K HHHOBALMAM, ()OPMUPOBAHHE OTPACIEBBIX IKOCHCTEM U MPHHIIUII
«0e30macHOCTh MO yMONYaHHIO». IIpeiuiaraeMas METOIOJOTHS CIY)XHT HPaKTHYCCKUM
MHCTPYMEHTOM JUIsl NIPENPUSTHH, MO3BOJISISE HPEBPATUTh LU(POBYIO TpaHCHOpPMALHUIO U3
3aTPATHOTO IPOCKTA B HCTOYHUK YCTOWYMBOIO KOHKYPEHTHOTO IPEHMYIIECTBA.

KiouyeBble ci0Ba: CKiIajacKas JIOTUCTHKA, IU(poBas TpaHchOpMalUs, METOIONOTHUs
ynpaBieHusi, 1udpossle  TexHonoru#, ESG-puHIMNBEL,  yCTOWYHMBOE  pa3BHTHE,
HUHTErpUPOBaHHAs CHCTEMA.
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Abstract. The relevance of the study stems from the challenges of digital transformation in
warehouse logistics, for which the existing scientific approaches are fragmented, focusing on
selected technologies without considering systemic organizational and personnel changes.
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The purpose of the study is to develop a comprehensive methodology to ensure sustainable
digital transformation of warehouse systems. Using theoretical and methodological analysis
and a comparative approach, the study identified key technological trends and seven groups
of systemic barriers to digitalization. As a result, an original five-stage methodology has been
developed, integrating sequential stages: diagnostics, technology implementation, process
optimization, personnel training, and continuous monitoring. The main scientific result is a
structured transformation management algorithm aimed at synergizing technological,
organizational, and social aspects. The conclusion substantiates strategic priorities for the
long-term sustainability of the transformation: the integration of ESG principles, an
evolutionary approach to innovation, the formation of industry ecosystems, and the principle
of "security by default." The proposed methodology serves as a practical tool for enterprises,
enabling them to transform digital transformation from a costly project into a source of
sustainable competitive advantage.

Keywords: warehouse logistics, digital transformation, management methodology, digital
technologies, ESG principles, sustainable development, integrated system.

BBeaenue

Ckiazckasi JIOTHCTHKA BBINOJHSAET CHCTEMOOOpa3yromyro (yHKIHIO B 00ECICUCHUH
HETIPEPHIBHOCTH MAaTepUabHBIX MOTOKOB M ONTHMH3AalMU PECYpCHOTO MOTEHIMAama
npeanpuATHid. B ycnoBusx pacTymiel IMHAMUKH PBIHKOB W TEXHOJOTHMYECKHX M3MECHEHHMH
TpaIUIMOHHbIE MOJEIH YNPaBJICHUS CKIAJACKUM XO34HCTBOM AEMOHCTPUPYIOT CHHKECHHE
3G QEKTUBHOCTH, YTO AaKTyaJH3HpyeT MOTPeOHOCTh B (POPMHUPOBAHMM NPUHLUIIHAAIBEHO
HOBBIX IT0JIX0JIOB, OCHOBaHHBIX Ha IIM(POBU3ALUH U HHTEIJIEKTYaJIbHOM YIPaBJICHHH.

AKTyanbHOCTh HCCIIEJOBaHUS OOYCIOBICHA HEOOXOAUMOCTBIO MEpeBOJa CKIAJICKOH
JIOTHCTHKU Ha Ka4eCTBEHHO HOBBI ypOBEHb, 00ECICYMBAIOIINI POCT MIPOU3BOAUTEIBHOCTH,
COKpalIeHHE H3AEPXKEK W IOBBIMICHHE HAaAE&KHOCTH IIEMOYEK IMOCTaBOK. HammoHambHbIE
WHUIHATUBHI, Takue kak mporpamma «l{udposas sxoHomuKka Poccuiickoit dexepannn» u
rocyfapcTBeHHass  mporpamma  «Pa3BUTHE — TPaHCIIOPTHOW  CHCTEMBI»,  CO3JAfoT
MHCTUTYIMOHAIbHBIE W MH(PPACTPYKTYPHBIE NPEINOCHUIKM I MaclITaOHOTO BHEIPEHMS
OUQPPOBBIX TEXHOJOTHH B JOTUCTHYECKYl0 cdepy.[1,2] Bmecre ¢ TeM BO3HHKAOT
KOMIUIEKCHBIE BBI30BBI, CBSI3aHHBIC C aaNTallMeH CYIIECTBYIOIIUX ONEPalMOHHBIX MOJeTIen
K TpeGoBaHUAM ITUPPOBOH MTOXH.

CocrositHMe HAay4yHOM JMCKYCCHM B O0JacTH LU(POBU3AIMU CKIAJCKOW JIOTUCTUKU
XapakTepusyeTcs (pparMeHTapHOCThIO. BOJBUIMHCTBO HCCIEAOBaHUII COCPENOTOYEHO Ha
aHaln3e OTHAENbHBIX TEXHOJIIOTMYECKHX pelleHnii — HampuMmep, cucreM WMS, RFID,
PpOOOTH3UPOBAHHBIX KOMIUIEKCOB MJIM MHCTPYMEHTOB aHAJUTHUKH. IIpn 3TOM KOMILIEKCHEBIE
METOJIOJIOTHH, KOTOPBIE OXBaTBIBAIOT BCIO HIKOCHUCTEMY TpaHChOpMalMu — BKIIOYAs
TEXHOJIOTHUECKYI0 ~MHTErpalyio, OpTraHW3aliOHHBIE IIPeoOpa3oBaHMS M  KaJlpOBBIC
N3MEHEHMsI, — OCTAIOTCSl HEJAOCTATOYHO pa3pabOTaHHBIMH. OTOT KOHIENTYaJIbHBINA
neduut GopMupyeT OOBEKTUBHYIO NMOTPEOHOCTh B HCCIICAOBAHUSX, HAIpPaBJICHHBIX Ha
CHHTE3 KIACCHYECKMX JIOTUCTUYECKMX IapajurM C COBPEMEHHBIMH LU(PPOBBIMU
MOJIXOAaMHU.

Kputnueckuii aHanu3 CyILIECTBYIOLIMX HCCIIEJOBAHUM NOATBEPKAAET YKa3aHHBIN
npo6en. Hampumep, pabdorta [TonoBoit T.A., geTanbHO ONMUCHIBAIOMIAs OTAEIbHBIE ACTIEKTHI
aBTOMATH3aIMK CKJIAJACKHX IIPOIECCOB, HE IMpeUlaraeT IeIOCTHOW CTPYKTYpPBI s
ynpasienus mudpooii Tpanchopmanmeit.[3] Ananorudno, myonukaius JlobaHoBoit A.A. n
BacunbeBoii B.A., npeacrasisromas 0630p pasHOOOPa3HBIX MUPPOBBIX HHCTPYMEHTOB —
EDI, npoHoB, 6J0K4Y€iHA M «YMHBIX» OYKOB, OTPAaHUYNBACTCA UX NepeurcieHneM. [4]

3apyOexxHbIe HCCIIeIOBaHUs, Takue Kak padora A. XammoHeH W [I. MuHaIIKHUHOM,
BHOCSIT BKJIQJI B IIOHMMaHHE HKOJOTHYECKOTO aclekTa IH(poBH3aLUH, (HOKYCHPYSICh Ha
CHIDKCHUH YIJIEPOJHOTO Cilefia U 3HeprodPQeKkTUBHOCTH CKiIanoB.[5] OpHako Jaxe 3TH
IIPOrPECCUBHBIE TOAXOJbl 3a4acTyl0 HE YUYHUTHIBAIOT B IOJHONM Mepe 3KOHOMUYECKHE,
COLIMAIIBHBIE ¥ OPraHU3alMOHHbIE MOCIEACTBUS TEXHOJIOTMYECKUX M3MEHEHHMH, Takue Kak
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TpaHchopMaIys TPYAOBBIX IPOIECCOB, TPeOOBaHMS K KBATM(PHKAINK IIepCOHANAa FUTH
HEOOXOAMMOCTD afalTalii ON3HEC-MOIEIIEN.

Takum oOpa3oMm, CymeCTByeT YyCTOWYMBas Hay4yHas mpoOiema: mpeoOnagaHme
Y3KOTEXHOJIOTHYECKOTO TT0IX0/1a TIPH OTCYTCTBUN KOMIUICKCHBIX METOJOIOTHH, CTIOCOOHBIX
o0ecreunTh CHHEPIUI0 MEXIY TEXHOJOTMYECKUMH HHHOBAIMSAMH, SKOHOMHUYECKOW
3 PEKTUBHOCTHIO, COLMAIBHOW OTBETCTBEHHOCTHIO M OPraHU3allMOHHON r'MOKocThIO. st
NPEOJOJIEHHUsT ATOTO pa3pblBa HEOOXOAMMO pa3BUTHE METOJOJNIOTHH, HHTETpUpYIOLIeH
MHOTOYPOBHEBBII aHAJIN3 U [TO3BOJISIOIICH HE TOJIBKO BHEAPATH OTAEIbHBIC TEXHOJIOTUH, HO
W YIpaBJISITh CUCTEMHOM TpaHC(OpMaluei CKIaJCKOW JIOTMCTHKU KaK 4YacThlo HU(POBOM
9KOCUCTEMBI IPEATIPUATHS.

Ilenp HACTOSIIETO HCCIEAOBaHUSI —  Pa3pabOTKa KOMIUIEKCHOH METOHOJIOTHH
muppoBol TpaHCGHOPMAIMK CKIAJCKON JIOTUCTHKH, HHTETPHPYIOMICH TEXHOIOTHYECKHE,
OpPraHW3aIIOHHBIE M KaJIpOBBIE AaCTEKTHl A1 OOECIeUeHHs YCTOHYMBOTO ITOBBIIICHHUS
OTIepaIiMOHHON 3¢ PEKTUBHOCTH, Ha&KHOCTH LETI0YeK MIOCTaBOK u
KOHKYPEHTOCIIOCOOHOCTH IIPEANPUATHI B YCIOBUAX IU(PPOBOI SKOHOMHKH.

3agaun ucciaeq0BaHMSA:

[Tpoananu3upoBaTh COBPEMEHHOE COCTOSIHIE U KIIIOYEBbIC TCHIICHIIMHM Pa3BUTHUS CKIIAICKON
JIOTHCTHKU B KOHTEKCTE IIM()POBU3ALIUH.

BBIIBUTE M CHCTEMAaTU3MPOBaTh KJIIOUEBBIC MPOOJIIEMBI M Oapbepbl, MPEHSITCTBYIOIINC
YCIICIIHOM U POBOH TpaHCHOPMALIUH CKIAICKOM JTOTHCTHUKH.

Pa3paboTarh Mo3TanHyH KOMIUIEKCHYIO METOMOJIOTHIO TPaHC(OPMALMOHHBIX M3MEHEHHH,
HalpaBJICHHYI0 Ha CHCTEMHOE IIPEOOJICHHE BBIBJICHHBIX NpoOieM M olecriedeHue
YCTOWYHMBOTO pOCTa ONEPAIIMOHHON 3()(HEKTHBHOCTH.

Ompenenuts  CTpaTerMdeCKUe  MPUOPHTETHI  OOECICYMBAIOUIME  JIOJTOCPOYHYIO
YCTOWYHMBOCTH LU(PPOBOH TpaHCHOPMAIHH.

Haydnast HOBU3Ha HCCIIEOBaHUS 3aKIIOYAaeTCsl B pa3paboTKe LEJIOCTHOTO IMOAXOAa K
mudpoBoit  TpaHChOpPMAIMM  CKJIQACKOW  JIOTHCTHKH,  KOTOPBIH  IIPEOJOJIEBacT
(parMeHTapHOCTh CYLIECTBYIOIIMX Hccie/oBaHni. PaboTa HampaBieHa Ha CO3JaHUe
CHUCTEMHOM METOOO0JIOTHUH, HHTerprIOHleﬁ TCXHOJIOTUYECKUE, OpPTraHUu3allUOHHBIC U
KaJpOBbIe acleKThl NpeoOpa3oBaHUil, a TaKKe Ha PACUIMPEHHE TEOPETHYECKUX OCHOB
JIOTUCTUKU 3a CYE€T CHUHTE3a C KOHLENUMAMM YCTOMYMBOIO Ppa3BUTHA, YIPaBICHUS
U3MEHEHUSMH U 0€30MacCHOCTH IU(POBBIX IKOCHUCTEM.

MeToabl uccaeI0BAHUS

HccnenoBanne Oasupyercss Ha KOMIUIEKCHOM IPUMEHEHHWHM OONICHAYYHBIX U
CHEUHaIbHBIX METO/IOB, COOTBETCTBYIOIIMX IO3TAITHOMY PEIICHUIO MOCTAaBJICHHBIX 3ajad.
TeopeTHko-MeTOI0JOTNYECKH aHalIu3 W BCECTOPOHHHHM 0030p HayYyHOH JHMTEpaTypshl
MO3BOJIMIM  BBISIBUTH KITIOYEBBIE TEHICHIMM, NPOTHUBOpEYMs W HpoOensl B obmacTu
mudpoBU3aMK  CKIAACKOM JorHcTHKH. CpaBHUTENBHBIM aHAJIU3 IMPUMEHSUICS  JUIs
COTIOCTABJICHUS CYIIECTBYIOUIMX TEXHOJOTHUECKUX PpEIICHNH, MoJened BHEIPEHHs W
MOJIXOZIOB K HMHTErpallMi, YTO CIOCOOCTBOBAIO CTPYKTYPHUPOBAHHIO MPOOJIEMHOTO IOJIS.
Meroapl cUCTEMaTH3alMM W KiaccM(UKAMU HMCHONB30BaIMCh Ui  (opMHUpoBaHHs
LEJOCTHOW paMKW aHain3a, OOBEIUHSIOUICH TEXHOJOIHYECKHe, OpraHH3alUOHHbIE U
KaJ[pOBbI€ aCHEKThI TPAHC(HOPMAILHH.

Ha »srame pa3paboTkm MeETOAOJIOTMH ObLI 3aJeCTBOBAH METOJ| MOJEIHPOBAHMUS,
OCHOBaHHBIH Ha INPHMHIMIIAX HPOLECCHOTO IIO/AX0/Ja M HENPEPBIBHOTO YIYYIICHHS, YTO
obecreumwsio  MPOEKTHPOBAaHMWE JIOTMYECKH CBSI3aHHBIX M IIOCJIEOBATEIbHBIX ATAIOB
npeoOpa3oBanuii. [Iyrem abcTparupoBaHus U KOHIENTYaJIH3alUH ObUTH C(HOPMYIUPOBAHBI
CTpaTernveckie MNPHOPUTETH LU(PPOBOH TpaHCHOpManMu, Takue Kak uHTerpanms ESG-
npuHOunoB (aHri. environmental, social, and corporate governance — «29KOJOTHYECKOE,
COLMAJIbHOE M KOPIOPAaTHBHOE YIpaBJICHHWE») W MpHHOMIA «OE30MacHOCTH MO
yMoydaHuto». Jlormdeckuili M IPUYMHHO-CIEACTBEHHBIM aHalu3 IMpPUMEHSUICS AN
YCTAQHOBJICHHS B3aMMOCBSI3eii MEXIy BBISBJICHHBIMH OapbepaMH U MpeAaraeMbIMH
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MEXaHW3MaMH UX MIPEOJONICHHS, a TAKXKe U 00OCHOBAHMS yCTOHYMBOCTH U aJallTUBHOCTH
IIpeagaraéMoi MeTO10I0THH.

Takoif MHOTOAacCTIeKTHHIH  METONWYECKHH  ammapaT O00eCHedMsl  CHCTEMHOCTB
HCCIIEOBAaHMS M MO3BOJIWI TEPEHTH OT aHaIM3a YaCTHBIX TEXHOJIOTHYECKHX BOIPOCOB K
MOCTPOCHHIO  KOMIUIEKCHOW — YIpaBlIEHYECKOW Mojenu TpaHchopManuu —CKIaICKOU
JIOTHCTHKYU B YCJIOBUSX LU(PPOBOI IKOHOMHKH.

PeByJIBTaTBI HCCJICA0BAHUSA

CoBpeMeHHas CKJIaJCcKasl JIOTUCTHKA MEPEXUBAET MEPHOJL TITyOOKOI TEXHOIOTHUECKOM
TpaHcopMmanuy, IBIKYIIEH CHIOH KOTOPOH SBISETCS CTPEMIICHHE K JOCTH)KEHHIO
OIIEPAI[MOHHOTO COBEpIICHCTBA U yCTOHuYMBOCTH. KilroueBbIM JpailBepoM H3MEHEHHH
BBICTYIIAET PaclpOCTPaHEHHUE KOMIUIEKCHOH aBTOMATH3ALUH. Brenpenue
POOOTH3NPOBAHHBIX CUCTEM, aBTOHOMHBIX IOTPY3UYHUKOB M POOOTOB-IITA0ENEPOB HE TOIBKO
COKpamaeT BpeMs BBINOIHEHHS 3aKa30B M MHHHMHU3UPYET YelOoBeYecKHi (akTop, HO U
MepeonpesieNisieT caMy OpTaHHW3alMI0 CKIAACKOTO MPOCTPAHCTBA M IIOTOKOB, MOBBIIIAS
MIPOU3BOJUTENLHOCTD U MPENCKA3yeMOCTh ONEpani.[6]

[MapannensHo ycunmBaercss GOKyC HA OIKOJOTWH, HMHTETPUPYIOUIMHA  MPUHIIAIBI
YCTOHYMBOTO Pa3BUTHS B JIOTHCTHYECKUE MOJENIU. DTOT TPEH/ MIPOSIBISICTCS B IEpexojie Ha
9HEprodPpPeKTUBHOEC 000PYAOBaHHE, HCIOIB30BAHUM BO300OHOBISIEMBIX HCTOYHHUKOB
SHepruu (COJTHEYHbIE NaHEeNW), BHEAPEHUU 3JEKTPUYECKOTO TPAHCIOPTa M ONTHMHU3AINU
pecypconoTpeteH s, 4To cnoco0CTBYeT (POPMUPOBAHUIO «3EIEHBIX» CKIIaJOB KaK HOBOTO
OTpacieBOro CTaHAAPTA.

Texnonorus muTepHera Bemeill ( Internet of Things, IoT) BeicTymaeT OCHOBOW s
co3aHus M(POBOTO KOHTYpa yNpaBleHHUs, oOecrednBast CKBO3HYIO BHIMNMOCTh LIEIOYEK.
CeHcOpsl M TOAKIIOUEHHBIE YCTPOWCTBA B pEaTbHOM BPEMEHH MEpEeNaroT NaHHBIE O
MECTOIIOJIOKEHUH, COCTOSIHUM Tpy3a M YCIOBHSX XPAaHEHHS, YTO MO3BOJISIET ONEPAaTHBHO
BBIBIISITH OTKJIOHEHHMS, MPOTHO3UPOBAaTh PHUCKH W TIOBBIMIATH COXPAaHHOCTh TOBAPHO-
MaTepHalIbHBIX IIEHHOCTEH.

Pemaronnyto ponbs B 00paboTKe Te€HEPUPYEMBIX JAaHHBIX UTPAET AaHATUTHUKA OOJBIINX
JIAHHBIX M MCKYCCTBEHHBIH MHTEJUIEKT. OTH TEXHOJIOTHH MO3BOJISIIOT TEPEeHTH OT
PEaKTUBHOTO K NPEIUKTHBHOMY U Jja)K€ NPECKPUIITUBHOMY YIIPABJICHHUIO 3aracaMy, TOYHO
NPOTHO3UPYS CHpPOC, ONTUMH3HMPYS YPOBHHM CTPaxoBBIX 3alacoB W aBTOMAaTH3HPYs
NPOLIECCHl TOMOJHEeHUsI, YTO HANpsSMYI BIMSET Ha 000pPaYMBAaeMOCTh UM CHH)KEHHE
HMMOOHMIH3AINY KalUTaja.

B ycnoBusix HecTaOMIBHOCTH  PBHIHKOB TMOKOCTh W aJalNTHBHOCTH CTAaHOBSTCS
KIIFOUEBBIMH  KOMIeTeHIMSIMH. COBpEeMEHHbIE CKJIQJCKHE CHCTeMbI JOJDKHBI 00JanaTh
CHOCOOHOCTBIO K OBICTPOH peKOH(HUTypanyy NpoLEecCcOB U PECYPCOB B OTBET HA U3MEHEHHUS
crpoca, pHIHOYHBIE OTPaHWYEHHsS WM CTpaTernyeckue WHHIMATHBBI, obecreunBas
HETIPEPBIBHOCTH U 3P (PEKTUBHOCTH OMEPALIUH.

ABTOMaTH3anusl U BHEJIPEHHE COBPEMEHHBIX TEXHOJIOTHH, BKIIOYas MCKYCCTBEHHBIM
naTeuekT (M), Takxke SBIAIOTCS IEMEHTaMU CUCTeMbI BHyTpeHHUX KoHTpoieil (CBK) B
CKJIa/ICKO# JIOTUCTHKE TMOBBIIIas UX 3((HEKTUBHOCTD Yepe3 ClIeIyIOLINe HHCTPYMEHTHI:

- LHugpposas asmomamuszayus gusuuecko2o KOHMPOAL:

e RFID-texnonorun - wucnonb3oBanue MeTok RFID mno3Bonsier aBTOMAaTH4YeCKU
OTCJICKUBATh MEpEMEIIEHIe TOBAPOB BHYTPH CKJIaja, obecrieuynBast OBICTPBIA JOCTYH K
JIAHHBIM O MECTOIIOJIOXKEHHUH KaXKI0H eIMHUIIBI TPOAYKIHH;

® JIPOHBI ¥ POOOTHI - IPUMEHEHNE OECHIJIOTHUKOB M POOOTU3UPOBAHHBIX PEIICHUH
JUIS MOHUTOPUHTA COCTOSTHHS TIOMELIEHHH 1 ITepeMelIeH s TPY30B;

® UHTEIUIEKTYaJIbHBIE KaMepbl - MHTErpalys HHTEIUICKTYaJbHBIX aJIrOpUTMOB
00paboTKM W300paXeHWH Ui aHanM3a MOBEACHHWS COTPYIHHKOB U  BBIIBICHHS
HapyLIEHUH TEXHUKU O€30M1aCHOCTH.

- Jloxymenmayus u 31eKmpoHHblll QOKYMEHMO0O0pOm:
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e ERP-cuctempl - coBpemeHHble ERP-penieHuss HMHTETpUpPYIOT — IPOLECCHI
IUTAHUPOBAHMA, 3aKYyIOK, IPOWM3BOJCTBA M TPONAX, CHIKAS BEPOSTHOCTH OMMUOOK H
TIOBBIMIAS TIPO3PAYHOCTH OM3HEC-TIPOIIECCOB;

® JJIEKTPOHHBIC TIOATIMCH - YIPOIIAIOT MPOIECC YTBEPKIACHHUS TOKYMEHTOB U
cokpaniaoT OyMakHbII 000pOT;

o Big Data-ananuTuka - 00padoTKa OONBIIMX 00BEMOB JaHHBIX MO3BOJISIET BBISBIIATH
AQHOMAJIMU U OTKJIOHEHHs B paboTe cKiaja, mpeaynpexas BO3MOXKHBIE PHCKH.

- Ucnonv3oeanue uckyccmeenno2o unmeniekma:

® [IPOTHOCTHYECKAsl aHAINTHKA - MAlIMHHOE OOyuYeHHE IOMOTaeT IpEeJCKa3bIBaTh
CIpOC Ha MPOAYKIIMIO, ONTUMHU3UPOBATH 3aI1achl M INIAHUPOBATH IOCTABKH 3apaHee;

e onrTUMU3ANH MapmpyToB - Al-cucTembl mOMOTaroT 3G QGEKTHBHO pacIpenesiTh
TPY30IIOTOKH, CHIDKas 3aTpaThl Ha TPAHCIIOPTHPOBKY W YCKOPS JOCTaBKY TOBApOB
KITUCHTAM,;

® MOHHUTOPHHT OOOPYAOBaHUS - MPEAUKTUBHAS TUATHOCTHKA COCTOSIHHS TEXHUKH U
MEXaHW3MOB TMPEJOTBpAlIacT BHE3aIHBIC IIOJIOMKH W CHIDKAeT JKCIUTyaTaIl[iOHHBIC
pacxompl.

- Iogvluenue opeanu3ayuoOHHOU OUCYUNTUHDL.

e HR-cuctemMbl -  aBTOMaTH3alMs  KaJPOBBIX  MPOIECCOB  CHOCOOCTBYET
3¢ G eKTHBHOMY TO00PY KaPOB ¥ MOBHIIICHHIO KBATU(UKAIIMHA COTPYIHUKOB,;

® ABTOMATU3UPOBAHHBIC YBCAOMJICHUA - COTPYAHUKH IIOJTYYarOT CBOCBPEMCHHBLIC
npeaAynpexKACHUA O MPECACTOAINX OINCpalrigX U BO3BMOXKHBIX PUCKAX;

® UMHUTAIUSA KPUTHICCKUX CHUTYaIlMid - TEXHOJOTMH BHPTYAIbHOW pPEaTbHOCTH
MTO3BOJIIOT COTPYIHHKAM TOTOBUTHCS K HECTAHNAPTHBHIM CHUTYallHsIM, TaKUM KakK aBapuu
i coon 000pyIOBaHUS.

Coueranre UHUQPOBBIX TEXHOJOTHH M METOJOB CHCTEMBI BHYTPEHHETO KOHTPOIIS
CYIIECTBEHHO TIIOBBIIIACT YCTOHYMBOCTE W YIPaBIEEMOCTh CKIAICKHX IPOIECCOB,
CIocoOCTBYsl pocTy 00IIeil omepanuoHHON dPPEKTUBHOCTH, MMO3BOJSET U30EraTh MHOTHX
PUCKOB B JCATCIBHOCTHU Hpe}IHpHﬂTHﬁ, YMEHbIIATh CKOPOCTH BBISABJIICHUA OIINOOK H
HECOOTBETCTBUM M CBOEBPEMEHHO pPEarupoBaTb Ha HUX, pPEaaM3ysl KOMIIEHCUPYIOLLUE
MEPOIPUATHSL.

Wurterpupytomum  siipoM 1M(POBOro CKJIafa BBICTYNAIOT IPOJABUHYTHIE CHCTEMBI
ynpasienus ckiagoMm (Warehouse Management System, WMS) u nudpoBsie miathopMsr.
Onu obecneynBaIOT IICHTPATIU30BAHHOE YIIPABJICHHUE BCEMH MPOIECCAMU — OT IPUEMKH 10
OTTPY3KH — Ha OCHOBE aJTOPUTMOB ONTHMAJIBHOTO Pa3MENIeHHS, MapIIPyTHU3AINH U YIETa,
co3/1aBasi eIUHYIO MU(PPOBYIO CPEAY IS IPUHSATHS PEIICHHH.

Takum oOpa3oM, QopMupyercss HOBas IapagurMa CKIAQJACKOH JIOTHCTHUKH, TJie
TEXHOJIOTHH BBICTYIAIOT HE MPOCTO MHCTPYMEHTAMH ONTHUMH3AIMH, a (YHIAMEHTOM IS
MTOCTPOCHHUS HWHTEIUICKTYaIIbHBIX, YCTOHYUBBIX u KITMEHTOOPUEHTHPOBAHHBIX
JIOTUCTHYECKUX JKocucTeM. OIHAKO 3TOT TpaHC(HOPMAIMOHHBIA IyTh CONPSDKEH C
KOMILJIEKCOM TCXHOJIOTHYCCKUX, OKOHOMHNYECCKUX u OpraHnu3alrOHHBIX BBI3OBOB,
TPEOYIOUMX CUCTEMHOTO MOIX0/a K MX MPEO0TIeHHIO [7].

Kitrouesie mpobieMbl nrpOBHU3AINH CKIAICKOM JTOTHCTHKN M ITYTH UX PEIICHUS:

1. Bvicokas cmoumocmp 6Hedpenus

ABTOMaTH3alMs INPEANOJaraeT CyIIECTBEHHblE MEpPBOHAYAIbHBIE WHBECTUIUH B
anmapaTHoe oOecriedyeHne, NPOTrpaMMHBIE PEUIeHHs, CEHCOPHBIE CHUCTEMBI M IUIAT()OpPMBI
JUIsL MHTerpanuu. st npenpusTuii Majaoro M cpeiHero OM3Heca 3TO CO3MAET CepPbhe3HOe
(¢uHAHCOBOE OrpaHMYeHHe, OCOOEHHO Korzja TpeOyercst TIOJHas MOJEPHHU3aLUs
CyIIECTBYIOIEH HHOPACTPYKTYPHI.

HyTu peuienus:

o [ImotHBIC IIPOCKTHI - Ha4YaJio € TOYCYHOM aBTOMaTU3allu OTHACJIIbHBIX YYaCTKOB
ckiana. Ecnm TexHoNorMs MoKas3anma cBOIO 3((EeKTHBHOCTH, €€ ONBIT THPAKHUPYeTCS Ha
JIpYyTHE YIaCTKH.
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o OOauHbIe cepBUCH M MojaenH SaaS (aHri. software as a service — «porpaMMHOe
obecrieueHne Kak ycIyra») MPEelOCTaBIIIOT BO3MOXHOCTh OTKAa3aThCsl OT 3HAYUTENIBHBIX
MEpPBOHAYANIFHBIX ~MHBECTHIIMA B CO3JMaHWE W MonaiepkaHue coOcTBeHHOW IT-
HHPPACTPYKTYPHI U alIapaTHOro odecreueHus.[ 8]

e OXXMJJaHUE MacCOBOCTH HCIIOJBb30BaHMSl JAHHBIX HMHCTPYMEHTOB. Bcerma, uem
OoJiee SKCKIIIO3MBHAs TEXHOJIOTHS, TEM OHA JOpPOIKe, YeM Oojiee MacCOBOW OHA CTAHOBUTCH,
TEM JIeLIeBJIEe B UCIOJIb30BaHUU. [Ipn TakoM IOAX0/E €CTh PUCK NMPOUTPaTh KOHKYPEHIUIO
Ha pPBIHKE, BOBpEMsI He cTaB Oosiee 3(PEeKTUBHBIM, YeM KOHKYPECHTBI.

[TpuHuMas pelieHue o BHEIPEHUH WM HE BHEIPEHUH JaHHBIX MHCTPYMEHTOB, HY)KHO
HCXOJMTh HE TOJILKO M3 (PMHAHCOBBIX BO3MOXKHOCTEH, HO U M3 MOHUMAaHUs NOTCHIMAIbHON
BBITOZIBI OT MX BHEAPEHUS 10 OTHOIIECHHIO K PACX0aM, KOTOPBIE IPEANPHUATHE TOHECET.

2. Tpyonocmsv 006veounenus pazHopooOHvIX cucmem

CoBpeMEHHBIE  CKJIQJICKME  KOMIUIEKCHI  3a4acTyl0  OIEPHPYIOT  MHOXKECTBOM
000COONCHHBIX MPOTPAMMHBIX pemieHni, Takux kak WMS, TMS, ERP u CRM. Hepenko
3TH CHCTEMbI pa3paboTaHbl C WCIIOIb30BAaHWEM HECOBMECTHMBIX IIPOTOKOJIOB OOMEHa
JTAHHBIMH, YTO TOPOKIAET CIIOKHOCTH IPU CHHXPOHU3AIMU MH(POPMAIMU U NPENITCTBYET
(hOpPMHUPOBAHUIO LIENIOCTHOMH IIU(POBOK Cpebl yIpaBICHUSI.

IlyTtu pelieHus:
¢ lcrionb30BaHNE MEXAYHAPOTHBIX CTAaHAApPTOB oOMeHa JaHHBIMU (Hampumep, EDI,
GS1), mo3BONAIOMNX PA3TUIHBIM CUCTEMaM B3aMOJIEHCTBOBATE JPYT C APYTOM.
o Enunble nHTEerpanonnsle miardopmel. LlenTpann3oBannas mardopma, Takas Kak
Enterprise Service Bus (ESB), ympommaer B3anMOAEHCTBHE MEXAY pa3THIHBIMU
TIPWIIOKEHUSIMH.

3. Yepo3a kubepodezonachocmu u KoHuoenyuarbHOCmMu OAHHBIX

VYBennmyeHne KonmdecTBa ycTpoicTB wHTepHera Bemedl (IoT) mopokmaer HOBBIC
BEKTOPBI yrpo3. IloTeHManbHble aTaki Ha CUCTEMbI YIPaBJICHHS CKIIAJACKUMU OTIEPALMSIMA
CIOCOOHBI BBI3BaTh MAapajny IPOW3BOJCTBEHHBIX MPOILECCOB, YTpaTy HH(POpMAIUU O
TOBApHBIX 3aracax U, KaK CJIeJICTBUE, CYIIECTBEHHbIE (PHHAHCOBBIE OTEPH.

IlyTtu pelienus:

© MHOroypoBHEBbIE CHCTEMBI 3alIMThl. BHEIpeHHE CIIOKHBIX CXeM ayTeHTH(UKAIUU
oJIb30BaTeneil, BKitovas AByX(akTOPHYIO IPOBEPKY U OMOMETPUYECKHE METO/IbI.

e Konnenmmust  HysneBoro jnoBepus (Zero Trust). Mogjenb, HCKIIOUaromas
JIOBEPUTEIIbHBIE OTHOLIEHHUS MEX/y KOMIOHEHTaMHU CHCTEMbI, MUHIMHU3UPYIOIIAsl BIHSIHUC
MOTEHIIUATILHBIX B3JIOMOB.[9]

o OCHOBHOHM NPUYMHOW HapyHIeHHH KOH()UACHIMAILHOCTH U KHOEpYyrpo3 SBISETCS
yenoBeueckuil Qakrop (6omee 90% TakMx ciydaeB HPOMCXOIAT W3-3a COTPYIHHUKOB).
JlaHHBIH acnekT TpeOyeT BHUMaHHs, MUHUMAaJIbHO HEOOXOAMMBIM MEPONIPUSITHEM IIPU 3TOM
OyzleT BBIYCK COOTBETCTBYIOIIMX ITAMSTOK JUIS COTPYJHHMKOB, HO Ul Oojiee CHCTEMHON
paboThI, MOBBIIIAIONICH YPOBEHb KHOEPOE30MaCHOCTH, HEOOXOAMMO CO3IaHUE CITYKOBI
6e3omacHOCTH, KOTOpasg OymeT MOCTOSHHO paboTaTh B JaHHOM HANpaBICHUH |
MIPOTHBOACUCTBOBATE  3JOYMBIIUICHHHKaM. OJTO  TaKKe  MOBBICHT  HAAEKHOCTh
BeicTpanBaeMorr CBK, koTOpylo NOJDKEH BHEAPATH MEHEIKMEHT B KaXKIOM IpoIiecce,
3aMBIKast B OJIHY OOJNBIITYIO CHCTEMY.

e He crout 3a0bIBaTh M IO CTPaXOBaHHE OTBETCTBEHHOCTH HA TaKHE CIydaH, Kak
MEpOIpHUsTHE, TI03BOJISIONIee HEe M30eraTh JITaHHBIX PHUCKOB, a MUTHIMPOBAaTh HEraTHBHBIC
MOCHEICTBHS B CIIy4ae UX pealn3aliim.

4. /lepuyum keanuguuyuposanuvix Kaopos

CoBpeMeHHBIE TEXHOJOTUH, TAKWE KaK pPOOOTH3MPOBAHHBIE CHUCTEMBI, aHAJIUTHYECKHE
1aTGOpMBI M MOJYJIM MCKYCCTBEHHOTO MHTEJUIEKTa, TPEOYIOT COTPYIHHUKOB C TIIyOOKUMHU
3HaHusAMH B 1T, aBTOMaTH3anmu U goructuke. OTCYTCTBHE TaKUX CIICHIHAINCTOB 3aMEAIISeT

145



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

BHEIpeHHEe LU(QPOBEIX pEHNICHHH ¥ YBEIWYUBACT BEPOATHOCTH OMIMOOK MpH UX
HCIIONB30BAaHHH.
Iyt pemenus:

e [JoBpinieHre KBanu(UKALUMH COTPYIHUKOB. PerymsapHoe oOydeHue mnepcoHama
COBPEMEHHBIM HHCTPYMEHTAaM U TEXHOJIOTHSIM.

o [IpuBneyeHne CTYyJIEHTOB W  MOJOABIX  clenuanuctoB. [lapTHepcTBO €
NpOoQUIBHBIME 00pa30BaTENbHBIME YUPEKACHUAMH JUIS TPHUBICYCHUS MOJIOJBIX KaJpOB,
TOTOBBIX OCBaWBaTh HOBBIE 3HaHUA. [IpH 3TOM CTOUT YUYHTHIBATh COLMOKYJIbTYPHBIH acHEeKT
HOBOT'O TIOKOJIGHUSI MOJIOJIBIX CHELMAJNCTOB, YK€ IPH NpHEeMe Ha padoTy TpeOyroIuX
OoJpILIei 3apIulaThl, HEPEJKO JaXe BBINIE TOW, YTO THOJY4YaroT YyXe JeHCTBYIOLIHE
paboTHHKH. Takke HEOOXOIUMO YUHUTHIBATH, YTO Z-IOKOJICHUE XapaKTEePU3YeTCs OCOOBIMH
YCTaHOBKaMH U MPENIOYTCHUSAMH, 0O0YCIOBICHHBIMU BIMSHUEM MIPOLECCOB III00ATU3ALNH,
muppoBoil  TpaHCHOpMAlMM M M3MCHEHHSAMH OOLICCTBEHHBIX HOPM H IIEGHHOCTEH
(MperMyYIIECTBEHHOE 3HAUCHHE CaMOpealu3aliil HaJ CTaTycoM, CMBICI000pa3yromas
GyHKIUS TPO(ECCHOHAIBHOW ACSATENLHOCTH, INPEANoYTeHne KoM(popTHOro ¢opmara
pabouyell cpenbl, NOBBIMIEHHAs NOTPEOHOCTh B MPO(PECCHOHATIBHOM pPa3BHTHH, HHU3Kas
NIPUBEP)KEHHOCTh KOHKPETHOMY MPEANPUSITHIO, aBTOHOMUS U CBOOO/Ia NPUHSTHUS PELICHUI).

o [loBbiieHre 3(P(HEKTUBHOCTH pPaOOTHl MPEANpPHATHS, YTO B CBOIO OYepelb
MIO3BOJIUT YBEJIUYHUTh JOXOJBI MIPEANPUATHS, YACTh U3 KOTOPBIX HEOOXOIMMO HAIPaBUTh Ha
MOBBILIEHUE OJarococTosiHUsl pabovyero KOJUIEKTHBA, HE TOJBKO Uepe3 YBEeJMueHHE
3apa0OTHOM IUIATHI, HO U CO37aHusl KOM(OPTHOI pabodell cpeibl, BBICOKOH KOPIOPaTHBHOM
KyJBTYPBI M COLIMANIBHBIX MTPOrPaMM ITOJICPKKH paOOTHUKOB U MX CeMeil, MOBBIIIAs TAKHM
00pa3oM MpPUBICKATEIFHOCTh NPEANPUATHS B Ijla3aX pabOTHHUKOB. DTO Takxke OyIer
MOTHBHPOBAaTh PAabOOTHHKOB K CaMOCOBEPIICHCTBOBAHHIO, MOBBIIMICHUIO YPOBHS CBOCH
s dexTuBHOCTH U 3PYEKTUBHOCTH HPEINPUATHS, NPUBOAALICE K POCTY IOXOHOB. Takum
obpa3om, OyAeT co3aaH 3aMKHYTHIH, CaMOIIO 1P KUBAIOIMICS POLIecC.

5. Aepuyum xauecmea u cmanoapmu3zayuu OaHHbIX

OTCyTCTBHE €AMHBIX CHeHUHUKAIWA Ui ONHUCAaHWA TOBAPHBIX IIOTOKOB U
YHUQHULIUPOBAHHBIX (OPMATOB JaHHBIX CHM)KAET MPOTHOCTHYECKYIO CIIOCOOHOCTH
AQHAJIMTHYECKUX CHCTEM M CO3JIaeT Oapbephl ISl MEKCUCTEMHON HHTErPallvK ¢ apTHEPaMu.

IlyTtu pelieHus:
e Peamuzarus ctpaterun Master Data Management (MDM) u cranmapTu3anus
YUE€THBIX ITPOIIECCOB HA KOPIIOPATUBHOM YpPOBHE.
o [IpumeneHne nU(PPOBHIX IBOWHUKOB U MHCTPYMEHTOB aHAJIM3a OOJIBIINX JTAHHBIX
JUIL  BaJIWAIMHA  KOPPEKTHOCTH M  IEJOCTHOCTH WH(OPMAIMOHHBIX IOTOKOB, HYTO
CrocoOCTBYET CHIIKEHUIO OMIHOOK mpu uHTerparmu ¢ BHemrHuMA API u cepucamu.[10]

6. Ozpanuyennocms un@pacmpyKkmypol

Henocrarounslii  ypoBeHb IU(POBONH HMHGPACTPYKTYpHI, HECTaOMIbHAS — CBA3b,
oTcyTcTBUE ceTei SG UM COBPEMEHHBIX CEHCOPHBIX PEIIeHHH, YTO JeiTaeT HEBO3MOXKHBIM
3¢ P eKTHBHOE TPIMEHEHHE TUPPOBHIX HHCTPYMEHTOB Ha CKJIaaax.

IlyTtu pelienus:
e MHBecTuimu B pa3BuUTHE HHOPACTPYKTYpbl. CTPOWUTENBCTBO W MOJCPHHU3AIHS
00BEKTOB HH(PPACTPYKTYPHI, BKIIFOUAsT BRBICOKOCKOPOCTHOW MHTEPHET M JOCTYITHBIE 00IaKa.
o ANbTepHATHBHBIE CIIOCOOBI MOAKIIOUYEHNUS. VICIoIp30BaHNe CITyTHUKOBBIX KaHAJIOB
CBS3M TaM, TJIe HA3€MHbIE JINHUH OTCYTCTBYIOT.

7. Opzanu3ayuonnsie u KyibmypHhoie 6apvepvl

CoTpyAHMKH HEpEeIKO NPOSBISAIOT CONPOTHBIEHHE K IEepeMEeHaM, Omacasch 3a CBOU
paboune MecTa, a pyKOBOJICTBO CTAIKHBACTCS C TPYIHOCTSIMH B TIEPEOCMBICIICHUH OM3HEC-
MOJIEIICH.
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IlyTu pemenus:

e OTtkpeiToe  obmenne. OOBSICHEHHE COTPYOHHKAM BHITON IM(PPOBH3ALNU |
Pa3bsACHEHUE MOCIECTBUN UTHOPUPOBAHUS U3MEHEHUH.

e YyacTue COTpPYOHHUKOB B IpoLeccax HU3MeHeHuH. VX aKTHBHOE NpUBJICUYEHHE K
pa3paboTKe ¥ NPUHATHIO PELICHUH CIIOCOOCTBYET MOJAECPIKKE MEPEMEH.

e [IepeoOyyeHue 1 MOBBILIEHHE KBATH(UKALNU COTPYAHUKOB HEOOXOAMMBI JJISI X
UHTErpalli B aBTOMAaTU3UPOBAHHBIE IPOIECCHl B HOBBIX pOJIX. IIpm 3TOM BaxkHO
rapaHTHpOBaTh Pa0OTHUKAM, YTO TAaKOE€ Pa3BUTHE Kaphephl HE MPUBEET K rotepe padbouero
MecTa.

e CTpareruto pa3sBUTHS MOXKHO BBICTPOMTh Ha TPUHIMIE ECTECTBEHHOTO
COKpAIICHUs] YMCICHHOCTH: BAaKaHCHHM, OCBOOOKIAaeMbIC YBOJBHSIOIIUMHCS  WIH
BBIXOAAIIMMH Ha NEHCHIO COTPYIHHKAaMH, HE 3amemarorcs. IlocreneHHas aBToMaTn3amnus
MIPOLIECCOB B 3TOM CIIydac HE BBI3OBET COIMAIbHOW HANpPSDKEHHOCTH W PEMyTalMOHHBIX
MIOTEPh, YTO OCOOEHHO aKTyaJbHO U KPYMHBIX paboTonareseil, HECYIINX COIHAIBHYIO
OTBETCTBCHHOCTb.

[IpencraBneHHbIl aHaNM3 KIIOYEBBIX MPOOJEM MOATBEPXKIAeT, 4YTO LU(poBas
TpaHcopMmanus CKIaJCKOH JIOTHCTHKH NPEACTaBIseT coOOW CIOXHYIO MHOTOMEPHYIO
3aJa4y, BBIXOIAUIYIO 3a paMKH TOYCUHOM MOACpHU3alnU. yCTpaHeHI/Ie OTACJIBHBIX
0apbepoB He rapaHTHPYeT AOCTHIKEHHS Kaue€CTBEHHO HOBOTO YpPOBHs 3((QEKTUBHOCTHU, TaK
KaK yCIeX 3aBUCHUT OT CUHCPICTUYECCKOI'O B3aHMO}1€I7[CTBPI)I BCCX KOMIIOHCHTOB CHCTCMBI.
JI71s1 ocyiecTBICHUS POPBIBHBIX U3MEHEHHMH TpeOyeTcs LEeTOCTHBIM MOAX0l, KOMIUIEKCHO
OXBaTBIBAIOIINI TEXHOIOTHYECKYIO, OPTaHU3AOHHYIO U CONMAIBHYIO COCTABIISIOIIIE.

B 37001 cBA3M 000CHOBaHa HEOOXOAMMOCTH Pa3pabOTKH KOMIUICKCHOW METOMOJIOTHH
ynpaBieHus TpaHcopManue.

BusyanbHBIM OTpa’keHMEM M apXHTEKTYpHOH OCHOBOW NpeiaraeMoil MeTOI0JOTHH
CIy’)KUT MHOTOYPOBHEBAsI MOJIENIb N(PPOBOM TpaHCHOPMAIMK CKIaACKOH JorucTuku [Puc.
6]. lanHass MOZENTh CHCTEMAaTH3HPYeT KIIOYEBbIE KOMIIOHEHTHI IIpeoOpa3oBaHWi B
JIOTHYECKH CBSI3aHHYIO CTPYKTYPY, COCTOSIIYIO M3 YETHIpeX KOHIIEHTPUYECKHX YPOBHEH U
YOPaBJIIONIETO KOHTYPA.

BBIXOJ
PesyanTaTHBHLLH ypoBeHn

Omnerra 1
EOppEeKTHPOEER

POCT NpORSECAHTEABROCTH
Crmacenme saTpat 1 moTeps
LETE Mosswmenne mbkocTs

Crparerwaeciuil yposens Vaveamenne Ka9ecTsa peIeHs

TloEsmuenne 3QPeETHEHOCTH Joarocpounaz
# yeTofMHEOCTH FOHKYPEHTOCTIOCOBHOCTE
¥ npasasonmii kontyp (Meroo10rns)
3ram 2- Bueapenue Jran 3: Ommmorsampa || Jrtan 4: Ofywenme n
Draml: AmaturEEa ® b TeXHOTOTHHA ™ npomeccos EYABTYPa ™  37an5: MommtopHHT B
AHATHOCTHER o R —— yayumenme

Obpatsaz cease

TexnonoTHUecKHil YPOBEHS
WMS, IoT.RFID Aroprmm AVML LMS. TMS
Ungposas naatdopaa AnaanTisa manReX Crctesm ynpasienna

OCHOEA
VpoBeHE AAHHEL H HETErPALHE

Eawsioe XpanmTame JaFHER 1
undpossie 50HHIIH
Cramaaprs: (EDI, GS1) 1 API

Puc. 6. MHoroypoBHeBast MoeNb U(PPOBOI TpaHCHOpMAIIMK CKIAICKON JIOTHCTHKH

OyHraMeHTaIbHBIM ~ YPOBHEM  BBICTYIIaeT YPOBEHb JAHHBIX W  HHTETPAIHH,
BKITIOYAMOIIUI €AMHOE XPAHWIHUIIE NAHHBIX, MH(POBBIC JTBOWHUKH, a TAKXKE CTAHIAPTHI
oomena (EDI, GS1) u API. Dto co3maer LENOCTHOE W COBMECTHMOE HH(MOPMAIIMOHHOE
MPOCTPAHCTBO, HEOOXOIUMOE IS pabOTHI JIFOOBIX ITU(PPOBBIX CUCTEM.
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Ha TexHONIOrM4ecKOM ypOBHE KOHIEHTPHPYIOTCS KOHKPETHBIE HHCTPYMEHTHI: CHCTEMBI
ynpasienus (WMS, TMS, LMS), TexHonorun uneHTudukammn 1 coopa manueix (RFID,
[0T), anamutmueckme amroputmbl (AI/ML) um uumdpossie mrathopMbel. DTOT YpOBEHBb
oOecrieunBacT aBTOMATH3AIMIO U HHTEIICKTYaTH3aIHIO OTIEPAIHH.

VYnpapnsromuid KOHTYp (METOMOJIOTHS) MPEACTAaBIseT COOOM HTepaTHBHBIN Npolecc
TpaHcopMalny, COCTOAMIMH W3 TMSTH IOCJIEIOBATEIbHBIX OJTallOB: aHAIWTHKA H
JIMarHOCTHKA, BHEIPEHHE TEXHOJIOTMH, ONTUMH3aLUs IpOLEcCcoB, 00y4eHHE W KyJbTypa,
MOHUTOPHHI' W yny4lleHHe. VIMEHHO 5TOT KOHTYp pealu3yeT INpeUIOKCHHYI0 B
HCCIIEJOBAaHHUH MTO3TAITHYIO METOIOJIOTHIO.

Crparerndyeckuii ypoBeHb OIpEAENsSeT CHUCTEMHBIE OPHEHTHPBI IPeoOpa3oBaHMIL:
noBbIIIeHNE 3(P(PEKTHBHOCTH W YCTOWYMBOCTH MPEANPUATHS OIS OOECIIeUeHHs €ro
JOJTOCPOYHON KOHKYPEHTOCTIOCOOHOCTH.

Beixon (pe3ynbTaTHBHBIN YPOBEHB) (PMKCHPYET KOHKPETHBIC M3MEPUMBIE PE3YNIbTATHI
MIPUMEHEHHMSI MOZIEIIH: POCT IIPOU3BOANTEIBHOCTH, CHIXKCHHUE 3aTPaT U MOTEPh, TIOBBILICHAE
THOKOCTH ¥ yIy4IICHHE Ka4eCTBa YIPABICHUYCCKUX PEIICHUH.

Bce ypoBHM Monenu B3aMMOCBSI3aHBI: JJaHHBIE W TEXHOJIOTHH (HIDKHHE YPOBHH)
00ecreunBaT peaau3aliio METOI0JI0THH (YIPABISIONMA KOHTYP), KOTOpasl HalpaBlieHa
Ha JOCTHIKCHUC CTPATCTUUYCCKUX Heﬂeﬁ U TOJYYCHUE KOHKPCTHBIX OICpaAlIMOHHBIX
pe3ynbTatoB (BepxHue ypoBHM). [Ipeayaraemass MOJENb CIYXHT Kak KOHIENTYaJIbHOM
paMKoil Juisl TUIAaHMPOBaHWSl TpaHC(OpPMalMu, TaKk W NPAKTHYECKUM PYKOBOACTBOM K
JIEWCTBUIO.

Hanee neranu3upyercsi colepKaHHE KIIOUEBOTO 3JIEMEHTa MOJEIH — YIPaBIIONIETO
KOHTYpa, TO €CTbh IATUITAITHOW METOOJIOTHH.

CToUT OTMETHTH, YTO aBTOMATH3AIMA CKIAJCKOH JIOTUCTUKH HPEACTABISIET COOOM
WHBECTHLMOHHBIA TIPOEKT, HAIPAaBICHHBIH Ha MOBBIIIEHHE 3()(EKTHBHOCTH XPaHCHUS
TOBApOB, ONTHMHU3AIMIO IPOLIECCOB MEPEMEIIEHHS TPY30B U CHIDKCHHUE 3aTPaT MPEATIPHATH
ITyTeM BHEAPEHUS COBPEMECHHBIX TEXHOJOTHMH aBTOMaru3anuu. [1o3ToMy AJsl HOBBIMICHHS
3(p(PEKTUBHOCTH HEOOXOAMMO TPHUMEHHTh NPUHLMUIBI  yNPaBJICHUs IPOEKTAMU U
COOTBETCTBYIOIIUEC MOAXO/bI. HpeI[BapI/ITEJ'H)HO YCTKO IMOCTaBUTh nejib IMPOCKTa,
ONPEACIUTE OCHOBHBIC HaAMpPaBJICHUA WHBECTUPOBAHUA (TCXHOHOFI/I‘ICCKHC peuicHus,
nH(paCTPyKTypHBIE YIYYIICHHUs, YIIOMUHABIIEECS BbIIe O0yuYeHHE NepcoHalia), OLIEHUTh
PUCKM M BBITOJBI OT €ro pealn3aluu, a TakXkKe MpoBecTH (uHAHCOBOE OOOCHOBAaHUE
MPOeKTa, ¢ TMOATOTOBKOW JOCTOBEPHOH (PUHAHCOBOH JIKOHOMHUYECKOH  MOJICIH,
MIPOCYHTHIBAIOIIEH CPOK OKYIIaEMOCTH MHBECTUIIHNH.

KoMmnuiekcHasi MeTonos10rust TpaHcGoOpMALMOHHBIX H3MEHEHUI B CKJIAICKOM
JIOTHCTHKe HH(PPOBOii 30XHU

Oman 1. Ananumuka u OuUAzHOCMUKA MEKYULUX NPOUECCO8

[lens otama - riyOOKMiI aHaNM3 TEKYIIETO COCTOSIHUS CKIIAACKHX IIPOIECCOB H
BBISIBJICHUE IPOOJIEMHBIX 30H IS JAJIbHEHIIIETO COBEPIIEHCTBOBAHUSL.
OCHOBHBIE MEPOTIPHUATHUS:
® cOOp HMCXOIHBIX JTAHHBIX: IMOACYET 00BEMOB OOpabOTKH TPy30B, (hUKCHpOBaHHE
CPOKOB BBITIOJTHEHUS ONeparwii, puKcanus ommodoK u cOoes;
® BBISIBJICHHE Y3KUX MECT: aHAJIH3 BBISIBICHHBIX IPOOJIEM, YCTaHOBJICHHE MTPUYMH 110
kotopeiM CBK He mpenoTBpaiiana ux Wim, XoTs Obl, He CUTHAIM3UPOBasa 00 UX HAIUYUH,
orpeJieJIeHUe CIadbIX CTOPOH Mpoliecca XpaHeHUs! 1 00padOTKH TOBAPOB;
® OIlCHKA TEXHWYECKOW TOTOBHOCTH: NpOBEpPKa  (PU3NYECKOTO  COCTOSIHUS
o0OopynoBaHus, WHPPACTPYKTYphl M YPOBHS IOJTOTOBKH COTPYAHHKOB K pealn3aluu
IU(POBBIX PELICHUI;
® OLICHKAa BBITOJ OT BHEJPCHUS: COINOCTAaBJICHHE pa3MepoB OyIylmMX 3aTpaT
TpeOyeMbIX Ha MOJICPHHU3ALUIO C IIOTEHIIMAILHOM BBITO0H OT MX BHEAPEHHUSL.
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PesynpTaT 3Tama: GopMylIMpOBKa YETKOTO NMOHMMAHHUS CYLIECTBYIOIINX HEIOCTATKOB,
KJTIOYEBBIX HAIPABJICHHUH YIYUIICHUS U IPEANOCHUIOK JUIS JalbHEeHIIei nudpoBu3anum.

I'paMOTHasT AMArHOCTHKA IO3BOJSIET ONTHMAIBHO CIUIAHMPOBATH NaJbHEHIINe LIaru
TpaHchopMaIHH, TOBHIIAA 3(PPEKTHBHOCTh MPUHUMAEMBIX MEp.

Oman 2. Buedpenue yughposvix mexunonozuii

[lenb STama - TEXHHUYECKOE OCHAIIEHHE CKJIaJa COBPEMEHHBIMH LU(POBBIMU
WHCTPYMEHTaMH ISl TOBBIIEHUS] TOYHOCTH U CKOPOCTH OM3HEC-TIPOLIECCOB.
OCHOBHbIE MEPOIPUATHSL:
e aBTOMAaTH3allMsl  yIpaBlieHus:: ycTaHoBka WMS-cucrem, obecrneunBaronmx
3¢ PeKTUBHOE yIpaBIeHHE BCEMH ONEPALMsIMU Ha CKIIaJIE;
o mdposas uaeHTHUKAIM: npuMerenue Texuonoruit RFID, mrpux-koaupoBaHus
1 CEHCOPOB AJIsl TOYHOTO y4€Ta TOBapa M CHUIKEHHS YEIOBEUECKUX OLITHOOK;
e poOoTH3anus: HCHONb30BaHWE poOoTOB M AGV-TpaHCcmopTa Ui yCKOPEHUS
NepeMEIeHNH U YMEHBIIEHH PYYHOTO TPYAa;
® OHJIAIfH-MOHHMTOPHHI TIOKa3aTeneil: (opMHpOBaHHE CHCTEMBI IaIIOOpPAOB IS
PYKOBOJICTBA W MEHEIDKMEHTa, MOoJyvarolieil MHPOPMalHio U3 03epa AaHHBIX B PEXUME
OHJIaliH;
® UHTETpaIysl ¢ KOpIOpPaTUBHEIMU cucTeMaMu: cuHxpoHu3anua ¢ ERP u CRM mna
MHTErpaluy U YHU(UKALNY YIIPABJICHYECKUX HPOLECCOB.
Pesynprar STama: mnoBbIIEHHE HWHPOPMHUPOBAHHOCTH MEHEKMEHTa, TOYHOCTH H
MPO3PAavyHOCTH TIPOLECCOB, CHIDKCHUE BIHMSHUS 4YeJIOBEUECKOro (hakTopa M pocT oOuieil
MPOAYKTUBHOCTH CKIIaJa.

Oman 3. Odyuenue u uzmenenue Kyapmypobl nepconana

[{enp STama - HOATOTOBUTH MEPCOHAN K APPEKTHBHON paboTe ¢ HOBEIMH TEXHOJOTHSIMH
1 cOpPMHPOBATH KYJIBTYpPy MOCTOSHHOTO COBEPIICHCTBOBAHHSL.
OCHOBHbIE MEPOIIPUATHSL:
e 00yUYeHHE W TPEHUHTH: MMPOBEICHUE CIICIHATM3HPOBAHHBIX KYPCOB U 3aHIATHH LIS
OCBOCHHA HOBBIX MHCTPYMECHTOB U TGXHOHOFHﬁ;
® pa3BuTHEe IU(PPOBOro CO3HAHUS: (HOPMHPYET MOHUMAHHUE BAKHOCTU IAHHBIX H
HE0OXOIMMOCTD PETYJIIPHOTO MOHUTOPHHTA TIOKa3aTeNel;
® MO/IJIEP’KKA PYKOBOJCTBA: CO37]aHMe OyaronpusTHOW atMmochepsl aisi ObICTPOTO
YCBOCHUA HOBOBBGI[CHI/Iﬁ 1 MOTUBAIIMU COTPYTHUKOB.
Pesymbrar  3Tama: BBICOKHH  YpPOBEHb  MPOQECCHOHATBHOH  KOMIETCHTHOCTH
COTPYIOHHUKOB ¥ TOTOBHOCTH aKTUBHO BHEIPATH U MTOICP)KUBATH HOBBIC TIOIXOIBI.

Oman 4. Onmumuszayus cK1a0CKOU 102UCMUKU

[lenp 9Tama - peopraHW3alus BHYTPEHHHX IIPOIECCOB CKJIaga Ui IOCTIDKCHHS
MaKkcUMalibHOH 3¢ peKTHBHOCTH Ha OCHOBE BO3MOXKHOCTEH HOBBIX TEXHOJIOTHIA.
OCHOBHbIE MEPOIIPUSATHSL:

® ONITUMU3AINS TIPOLECCOB XPAHEHHUS: TEPecTpoiika IMOIXO0A0B K pPa3MENICHHIO
TOBapOB, YUYUTHIBAIOIIHUX JTOCTYITHOCTh U BOCTPEOOBAHHOCTH MPOIYKITUH;

® AJITOPUTMBI ONTHMHU3AIMH JIBM)KCHUS: aBTOMAaTHYECKOE TIOCTPOCHHE Hambomee
3(h(HEeKTHUBHBIX MAPIIPYTOB MEPEMEIIEHHUS pAOOTHUKOB U TEXHUKH;

e 00yUeHHe W HACTPOWKa pOOOTOB: paOOTHUKH/MHKEHEPH! 3aHUMAIOTCS 00ydeHUEM
PpOOOTHU3UPOBAHHBIX MEXaHU3MOB TEM OIEPALUsAM, KOTOPBIC O 3TOTO BBITOIHSINA CAMH, C
BBICTPaMBaHUEM WX B CIMHBIN KOHBEWED;

® IPUMCHEHHE METOJ]a OCBOSHHOTO O0BeMa: MPOMEKYTOYHas (PUKCAIUS TEKYIIEro
XOJla BBHITNIOJIHCHUSI MOJCPHU3ALUH, IOCTHUTHYTOTO K JaHHOMY MOMEHTY pe3yibTaTta M
KOJINYECTBA TIOHECEHHBIX JJIS 3TOTO 3aTpar, ¢ COMOCTABICHHEM TOTO YTO JIOJDKHO OBLIO
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OBITH BBHINIOJIHEHO K 3TOMY MOMEHTY H CKOJIBKO Ha 3TO HM3HAYAJIBHO IUIAHHUPOBAIOCH
MIOTPATHUTE;
® IPUMEHEHHE TMPHUHIUIOB OEpeXIIMBOTO IMPOM3BOACTBA: MHHUMH3AIMS IOTEPh H

ycTpaHeHHe Hed(pEKTHBHBIX ACUCTBHHA IMyTEM BHEIPEHHUS HWHCTPYMEHTOB OEpEKIMBOTO
npousBojcTBa.[11,12]

PesynbTar sTana: 3HaYUTENLHOE COKpAIICHHE BPEMEHHBIX 3aTpaT U PECYpPCOEMKOCTH
oreparui, yBeJInYeHHEe MPOMYCKHOM CIIOCOOHOCTH CKJIaNa, 3a CYeT HauboJee paluoHaIbHO
[IOHECEHHBIX 3aTpar.

Oman 5. Illocmoannsliit MOHUMOPUHZ U YTIYUUIEHUE

[lenp 3Tama - KOHTPOJIb PE3yabTATOB TpaHC(HOPMAIMK M TPUHSITHE CBOCBPEMEHHBIX
peIIeHHi 0 TOBBIMIEHHUIO 3 (HEKTHBHOCTH MPOIIECCOB.
OCHOBHBIEC MEPOIIPHATHS:
® aHaNM3 JaHHBIX: cOOp W 00paboTKa OmepaTHBHON HH(OpPMAIH C IOMOIIHIO
CIeHATbHBIX aHATUTHIECKUX IUIaT(OpPM;
® KOPPEKTHPOBKA MPOIIECCOB: MPHUHATHE 00OCHOBAHHBIX PEMICHUI M0 ONTHMHU3AINH
Ha OCHOBE OOBEKTHUBHBIX JIaHHBIX;
® peryJsipHbIC COBCINAHMS: MEPUOTUUCCKUN 0OMeH HHpopMalmeid U 00CYyXKICHHE
JOCTUTHYTBIX PEe3yIbTAaTOB /Il BHECEHUS HEOOXOIUMBIX YITyUIICHHUH.
Pesynprar ortama: ycToHuuBBI pocT 3(deKTHBHOCTH 3a CYET ONEPaTHBHOTO
pearupoBaHHs Ha BO3HUKAIOIIKE MPOOJIEMBI U BBIIBICHHUS PE3ePBOB AJIS pOCTa.
[pemnoskeHHass NATHATAHAS METOMOJOTHS TPEACTABISIET COOOHM IENOCTHBIA |
CHCTEMHBIN TIOAXO K ITU(PPOBOH TpaHCHOPMAIIUH, OXBATHIBAIOIINN HE TOJIBFKO TEXHIIECKOE
BHEJIpEHWE, HO W TIyOOKHWH aHaj W3, ONTUMH3AIHIO MPOIECCOB, a TAKXKE KPUTHUCCKHU
Ba)KHBIE KaJpOBbIE W OpraHU3alMOHHbIE H3MEHEeHHA. E€ mnosramHas Jjoruka — OT
OUAaTHOCTHKH 10 HENPEPHIBHOTO YIyYIIeHHS — OOCCHeunBaeT YIpaBISIEMBIH U
YCTOHUMBEIA Tepexox K MOHGOPOBOMY CKIAAy, MHUHUMH3HPYS PHUCKH W 3aKPETIsas
JIOCTUTHYTBIE pPE€3yNbTaThl. DTa METOHOJOTHUSl CIYXHUT NPAKTUYECKUM PYKOBOACTBOM [t
IIOCTIEIOBATENHHOTO PEOJOICHUS BBIIBICHHBIX IPOOJIEM U peaii3aliy BCEro MOTEHIHaa
uudpoBuzanmm.

3akaouenue

[udposuszarmst CKIAACKOW JIOTUCTHKH CO3JaeT MOIIHBIA WMMITYyJIbC JUIS POCTa
3G PEKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH MPENNPHUITHIL, OJJHAKO ATOT IIYTh CONPSDKEH C
KOMIUIEKCHBIMH BbI30BaMH. OWHAHCOBBIE OrpaHUYEHUs], (PparMeHTaIHs JaHHBIX, KaapOBbIH
aeuuT, conuaabHbIe acMeKThl W KHOepyrpo3bl TpeOyIOT HE TOUCUHBIX HCIIPABICHHH, a
CUCTEMHOI0 IEPEOCMBICIIECHUS JIOTUCTUYECKON MOJIEIH.

[ToMuMo pemeHnst KOHKPETHBIX OIEPAMOHHBIX IPOOJeM, KPUTHYECKOE 3HAuCHHE
npuobperaer  (HOPMHPOBAHME CTPATETMYECKUX NPHOPUTETOB, KOTOPHIE  OIPEAENST
YCTOWYHMBOCTh U(PPOBOH TpaHC(HOPMAIIMHK B IOIATOCPOUHOI MEPCIIEKTHBE.

Crparerndeckre IpHOPHUTETH IIU(POBOI TpaHCHOpMALIHK:

Wnterpamms  ESG-mpuanumnos  (Environmental, Social, Governance — «Oxojorus,
ConmanbHas OTBETCTBEHHOCTH, KopropaTuBHOE yrpaBjeHHE») B AP0 OM3HEC-CTPATETHH

Brenpenne 53HeproddGEKTUBHBIX TEXHOJOTHUH, WCIOIb30BaHUE BO300OHOBISEMBIX
HMCTOYHHUKOB YHEPTHUH U IUPKYJLIPHBIX TIOAXO0B K YIPABICHUIO pecypcaMu GOpMHUPYET He
TOJIBKO «3E€JICHBIN» UMUK, HO U SKOHOMHUYIECKH YPPEKTHBHYIO ONMEPAI[HOHHYIO MOJIEIb.
OBOMIOLMOHHBIA NOJXO0 K TEXHOJIOTMYECKUM HHHOBALUSIM

Buenpenne npopsiBabix TexHonoruit (IoT, Al, Big Data) ocymectsisiercs yepe3
yhnpaBjsieMble  MWIOTHbIE IPOEKTBl IO CXEME  «BHEJpEHHe — OlEeHKa —
MacmrabupoBanue». Takol IMOAX0J MHHUMM3HUPYET PHCKH, OOECIEUMBACT HM3MEPUMYIO
OoTJa4y OT HWHBECTHIMH W COXpaHsAeT T'MOKOCTb B YCIOBHSAX OBICTPO MEHSIOMIEHCS
TEXHOJIOTUUECKOU CpeIbl.
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®opMHupOBaHHE OTPACIEBBIX IKOCUCTEM COTPYIHHIECTBA

VYenex nudpoBH3alMKM 3aBHCUT OT CIIOCOOHOCTH CO34aBaTh ITAPTHEPCKHE CETH,
oObeaMHAIOIE OW3HEC, TOCYHAPCTBCHHBIE WHCTUTYTHI, Hay4dHbIE IIEHTPHl H
TEXHOJIOTHYECKUX IpoBaiinepoB. CoBMecTHas pa3paboTka CTaHIApTOB, 00Opa3oBaTEIHHBIE
NPOrpaMMbl U OOMEH JIy4ITMMHU MPAaKTUKaMHU CO3/1AI0T CHHEPreTHYeCKUi d(QeKT s Bcer
JIOTHUCTUYECKOW OTpaCIIH.

[MpuHIMI «6e30MacHOCTb MO0 YMOTYAHHUIO)

KunbepbesonacHOCTh mepecTtaeT ObITh JOTOJHHUTENBLHON (YHKIMEH W CTaHOBUTCS
APXUTEKTYpHBIM TpeOOBaHHEM, BCTPOCHHBIM B OCHOBY KaKAOTO IHM(POBOrO pEIICHHS.
Peammzanmst  koHuenumu Zero Trust W MHOTOYpPOBHEBOW 3allUTHI  Ha  YPOBHE
MPOSKTHPOBAHUS  CHUCTEM  OOECIIeYMBAaeT  YCTOHYMBOCTH BCEH  TEXHOIOTHYECKOI

HHPPACTPYKTYPHL.

[pemioxeHHass KOMIUIEKCHAsE METOJOJIOTHS TpaHC(HOPMALUH, MMOJKPEIICHHAS STHMH
CTPATErHYCCKUMH IPHOPHTETAMH, TIPEACTABIACT COOOM He MPOCTO IUTaH TEXHOJIOTHYECKON
MOJCPHH3AIMH, a JOPOXKHYIO KapTy Iepexoja K JIOTHCTUKE HOBOTO IOKOJICHUs. B Takoi
MOJENN TEXHOJIOTHYecKas 3(P(EeKTHBHOCTb, SKONOTHYECKas OTBETCTBEHHOCTh, KaJpoBas
pa3BUTOCTh W 0E30HAaCHOCTh OOpasylT eAWHBIA KOHTYp YIpPaBJICHHs, CIIOCOOHBIH
alallTUPpOBATBECA K BbI3OBaM 6y):[ymero. HmenHo »T1OT HCHOCTHLIﬁ noaxoJ IIO3BOJIUT
KOMIIaHUAM TPEBPATUTHh HU(POBYIO TpaHCHOPMAIIUIO U3 3aTPATHOI'O MPOCKTa B MCTOYHHUK
YCTOHYMBOTO KOHKYPEHTHOTO IIPEUMYIIECTBA.
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AnHotammsi. B mpezncraBneHHONW paboTe pPAacCMOTPEHBI C CHUCTEMHBIX IO3HMIMH IETH
IIOCTABOK HEPYIHBIX CTPOUTENBHBIX MAaTEpPUAIIOB C YYacTHEM IPEANpPUATHH PEeuyHOro
TpaHcnopta. B Xone mccienoBaHus aHa KiacCU(UKAIUS KIIOYEBBIX M BCIOMOTATENIBHBIX
YYaCTHUKOB IIelled IIOCTABOK HEPYIHBIX CTPOUTENBHBIX MAaTEPHANIOB, JOOBIBAGMBIX
NPeANpUATHSIMH  PEeYHOro TpaHcmopra. OmpemeneHbl poNM  MPEANPHUSITHH  PEYHOTO
TpaHCIOpTa B IEMAX NOCTABOK HEPYIHBIX CTPOMTENBHBIX MaTepuagoB. OTO IO3BOJHIO
chopMHpOBaTh OPTaHW3ALMOHHBIE MOJENH CBSI3eH MEXIy YJaCTHHKAMH THUIIOBBIX IIeHel
MIOCTaBOK HEPYAHBIX CTPOUTENBHBIX MATEPHANOB, JOOBIBAEMBIX NPEANPUSITUSIMU PEYHOTO
TpaHcnopra. CHUCTEMHBIM MOAXOJ IIO3BOJIMI BBIIBUTh BHYTPEHHHE M BHEUIHUE CBSI3U
YYaCTHHKOB IIeNed IOCTaBOK HEPYIHBIX CTPOUTEIBHBIX MATEpUaNIOB, 4YTO IIO3BOJIMIO
OIIPENENUTh KPYT OpraHHM3allMil W HPEeIIPHATHH, BIMSAIOMMX HA UX (QYHKIMOHUPOBAHUE W
YCTOIYMBOCTh Pa3BUTHS LETIH MOCTaBOK. [Ipeioxkena kinaccuuKanys BHYTPEHHUX CBsI3ei
MeXTy (GOKYCHOM KOMIAHMEH ¥ APYTUMH YJYacTHHKAMH IEeTed ITOCTaBOK HEpYAHBIX
CTPOUTENBHBIX ~MAaTepPHaNoB, JOOBIBAEMBIX MPEANPHATHAMH pPEYHOTO  TPAHCIOPTA.
IMpoxnaccnuIUpoBaHEl CBS3M IEMH MOCTABOK, KaK JIOTHCTHYECKOM CHCTEMBI, C
OpTaHM3aIMSAMU HE BXOSIIMMH B CHCTEMY, HO OKa3bIBAIOIIMMHU Ha Hee BIHsHHE. B pabote
MIPUBEICHBl OCHOBHBIE MOJENM IeNedl IOCTaBOK, B KOTOPBIX MNPENNPUSITUS PEUYHOTO
TpaHCIOpTa BBICTYIIAIOT B KauecTBe (DOKYCHON KOMITaHUEH LIeNH IOCTaBOK.

KuroueBnlie ciioBa: pelmoﬁ TPaHCNOPT, HEPYAHBIC CTPOUTEIILHBIE MAaTCPUAJIbI, CHCTEMHBII
noaxon, UOE€Ib IOCTaBKH, MOACIUPOBAHUE, KJ'laCCI/IC])I/IKaIII/IH CBHSeﬁ, IMOCTaBIIUKH,
JIOTUCTUYECCKUE TOCPEAHUKH.
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Abstract: In the presented work, the supply chains of non-metallic building materials with
the participation of river transport enterprises are considered from a systemic perspective. In
the course of the study, a classification of key and auxiliary participants in the supply chains
of non-metallic building materials produced by river transport enterprises is given. The roles
of river transport enterprises in the supply chains of non-metallic building materials are
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determined. This made it possible to form organizational models of connections between
participants in typical supply chains of non-metallic building materials provided by river
transport enterprises. The systematic approach made it possible to identify the internal and
external relationships of participants in the supply chains of non-metallic construction
materials, which made it possible to identify a range of organizations and enterprises that
influence their functioning and the sustainability of the supply chain. A classification of the
internal relationships between the focus company and other participants in the supply chains
of non-metallic building materials produced by river transport enterprises is proposed. The
links of the supply chain, as a logistics system, with organizations that are not part of the
system, but have an impact on it, are classified. The paper presents the main models of
supply chains in which river transport enterprises act as the focal company of the supply
chain.

Keywords: river transport, non-metallic building materials, system approach, supply chain,
modeling, classification of connections, suppliers, logistics intermediaries.

BBenenue

Ha peynoMm TpaHCHOpTE C IMOCTaBKaMH M IIEPEBO3KAMH HEPYJHBIX CTPOHMTEIBHBIX
Matepuano (HCM) cBs3ana Gosbinas gacTs npeanpuatuil. «Ha pedHoM TpaHcHopTe 0KOJIO
120 opranuzanuii 3aHUMAIOTCSI TIOCTAaBKOW HEPYAHBIX CTPOUTENBHBIX MaTepuaios, 70-90%
13 KOTOPBIX COCTaBISIIOT PEUHOI MMecok U necuaHo-rpasuitas cMech (ITIC)» [1,2].

HoObryeii HCM  Ha peyHOM TpaHCIOpPTE IPOM3BOAUTCS W3  OOBOJHEHHBIX
MECTOPOXKJICHUH (CO JHA PeK, 03€p, BOAOXPAHWIMII) U 3TOH OCYIIECTBISIOT B OCHOBHOM
peuHble NOpThL. «J{0X0bI OTIENBHBIX pe4HBIX MTOPTOB 70 90% OT uX 001Iero oobemMa MOryT
¢dopmupoBatecsi or moctaok HCM» [3, 4]. Kpome toro, HCM moryT OBITE HOOBITHI U
0acceifHOBBIMHU YIIpaBICHUAMH BHYTpeHHHX BomHbIX mytell (BYBBII), momywatommmm
HCM B kagecTBe MOOOYHOTO MPOIYKTa IIPH YIITyOIeHUN BOAHBIX ITyTew [5].

Peunpie mopThl kpome ¢yHKIME mpomsBoactBa HCM B memsax mocraBok HCM
BBIIIOJHAIOT (YHKIMHM MEPEeBO3KM IO BOJHBIM IYTSIM, MOTPY3KH W BBITPY3KH U3
TPAHCIIOPTHBIX CPEACTB (CYAOB, aBTOMOOWMIICH, BarOHOB).

Kpome peunsix mnoprtoB mnepeBoskn HCM 10 BOAHBIM MYyTSAM OCYIIECTBIISIOT
CyIOXOJHbIE KOMIIAaHWM, IPH 3TOM OHM Y4YacTBYIOT B Iemsax mnoctaBok HCM, kak
JTIOOBIBaEMBIX PEYHBIMH TOPTAaMH U3 OOBOJHEHHBIX MECTOPOXKICHHMH, TaK U JOOBIBAEMBIX
OPEeANpUATHSIMU  JPYTHX oTpacieli u3 cyxux kapbepoB. «Jlomt HCM Ha pbiHKE
TPAHCHOPTHBIX YCIYT IO MEePEeBO3KE IPY30B PEUHBIM TPAHCIIOPTOM COCTaBIISIET 0KOJI0 60%»
[6, 71.

VYuuTeiBas, 4TO B COBPEMEHHOW SKOHOMHKE KOHKYPEHIMS HJIET Ha YpOBHE Lemnen
MIOCTAaBOK, JUISi HPENNPUSATHH PEYHOr0 TPAHCIOpPTA, KakK BBIIIE MOKA3aHO, 3HAYUTEIHHO
CBs3aHHBIM C JOOBIYer u mepeBo3koit HCM, XHM3HEHHO BaXKHO Y4YacTHE B YCTOHYHBO-
Pa3BHBAIOIINXCS LEISIX TOCTaBOK.

[Mpeanpusituss peyHoro TtpaHcmopTa B memsx noctraBok HCM Moryr BhICTymaTth B
Ka4yecTBE KIIIOYEBHIX (OCHOBHBIX) M BCIOMOTATEIBHBIX YYaCTHHKOB. COTJIAacHO, TEOPUHU
YIpaBJIEHHUS IEMSIMH ITOCTaBOK [8, 9]:

— K KJIIOYEBBIM OTHOCSATCSI HPOHM3BOJUTENH, MOCTABIIMKH W TIOKYNATENH, T. €. Te
YYaCTHHKH, KOTOPBIE BIAACIOT IOCTABISEMOH MPOAYKIHEH, (HOPMHUPYIOT M YIPABISIOT
OuW3Hec-TporieccaM B I TOCTaBOK. Cpeau KIFOYEBBIX YYAaCTHHUKOB BBIACISACTCS
¢doxycHast (meHTpanbHas) KOMIIAHUS, KOTOpas OMpEIeNseT CTPYKTYpy IENH IIOCTaBOK H
OpraHu3yeT YHpaBI€HHE C MOCTABIIMKAMM M HoKynateiasmu. Ha pednom TpaHcmopre k
KJIFOUEBBIM YYaCTHHKAM MOTYT OTHOCHTBCS PEYHbIE OPTHI, TOOBIBAIOLIHE M MTOCTABIISIOLIIE
HCM, u BYBBII, nonyuatomne HCM B kayecTBe moOOYHOrO MPOJIYKTa MpH yriryOJIeHUN
BOJIHBIX ImyTed. B wactm meneit mocraBok HCM peunsle mopThl SIBISIIOTCS (DOKYCHBIMHU
KOMIIaHUSIMY;

— K BCIIOMOTATeNbHBIM OTHOCSATCS YYaCTHHUKM IeNed IOCTaBOK, KOTOpHIE HE
OKa3bpIBAIOT CYIIECTBEHHOTO BIMAHUS Ha (OpMHpOBaHWE ¥ yIpaBlieHWE OW3HeC-
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TIpoIieccaMy B IIETIH MOCTaBOK, & TOJBKO MPEIOCTABIIAIOT YacTh CBOUX PECYPCOB KIIIOUEBEIM
y9acTHHKAaM ISl BBITIONHEHHWS MMM CBOMX omepammid. Ha pedyHoM TpaHCmopTe K HUM
OTHOCATCS CYHOXOAHBIE KoMmIaHuH, mnepeBo3smue HCM, wu peuyHple MOPTHI,
neperpyxkaromue u xpaasmue HCM Ha cBOHX cKIlagax.

VYcunenue koHkypeHnuu npu noctaBkax HCM [1, 2, 4, 7] tpebyeT OT y4acCTHHUKOB
Lernei MOCTaBOK COOTBETCTBHUSI BO3PACTAIOIIMM IOXENaHUs MOKyHaTesled B 4acTU BCEro
KOMIUIEKca TMoka3zateneii mnoctaBok HCM (HOBBIIICHHS KavyecTBA U aCCOPTHMEHTA
nocraBisieMbix HCM; rapaHTUpOBaHHOCTH ITOCTABOK IO CPOKaM U OOBEMaM; CHUXKCHUS
CPOKOB IOCTABOK; THOKOW IICHOBOW MOJUTUKHU; YI00CTBA B3aUMOJICHCTBHUS MPU TIOCTABKaX U
Ip.). A 3T0 B CBOIO ouepeqh TPeOYEeT YCTOWYHBOIO Pa3BUTHS OTACIBHBIX YUACTHUKOB LU
IIOCTAaBOK W IIETIH ITOCTABOK B IEJIOM. Llemb MOCTaBOK, COTJIACHO TEOPHH JIOTUCTHKH, 3TO
MaKpOJOTHCTHYECKasl CHCTeMa. OJTO OOYCIOBIMBAaCT HEOOXOAMMOCTh HCIOIb30BaHUS
CHCTEMHOT'0 TIOAXOJa JUIA BBISABICHHS BCEX BIMSIOMINX HA YCTOWMYMBOCTH LIEMH MOCTaBOK
HCM BHyTpeHHHX ¥ BHemIHHX (akTopoB. UTO W OIpeenio HampaBiIeHHE TaHHOTO
HCCIICTOBaHHUS.

Lenpto manHOW paOOTHI SBIAETCS MOACIMPOBAHWE BHYTPCHHHUX M BHEIIHUX CBs3eil B
nersix moctaBok HCM, aiist BRISBICHUS (DaKTOPOB, BIHUSIOIINX HA YCTOHYHUBOCTH PA3BUTHS
nenei noctaBok HCM ¢ yyacTreM nmpeanpusaTHil pe4HOTo TpaHCIopTa.

MaTepI/laJ'ILI " METOAbI

JUis KOMIUIEKCHOTO uccienoBaHus Ineneid moctaBok HCM ¢ ydactueMm pedHOro
TpaHCIOPTa OBUT HCIOJIB30BaH CHUCTEMHBIH MOAXO0X B obiactu joructuku [10] wu
TeopeTHdeckre paboTHl MO YIPABICHHIO IETSIMH IMocTaBok [§8, 9, 11], MomenmmpoBaHUIO
neneii mocraBok [12, 13], obeciedennto ux yctoitunBoro pa3sutus [ 14, 15]. Ha ux ocHOBe
pa3paboTaHbl MOJENM JIOTHCTHYECKHX cHcTeM nemeil moctaBki HCM, noObiBaeMbIX
OPEeJNpUATHAMHA PEYHOTO TPAHCIOpTa. OTO TO3BOJSET BBIABHTH BCEX YYaCTHUKOB,
BOBJICUECHHBIX B MPOILECC MOCTaBKH U ONPEAEIHUTh B3aUMOCBSI3H, KaK BHYTPEHHUE MEXIY
3BEHbSMU LI€NM MOCTaBOK, TAaK W BHENIHHE C JEIOBBIMM IapTHEpaMH U
WHCTUTYLIMOHAIBHBIMH OpTaHU3alusIMu. UTO MO3BOJISET, B CBOIO OYepeNb, BBIIBUTH KPYT
OpraHu3alyii, BIMSIOMKX Ha YP(PEKTHBHOCTh M YCTOHYMBOCTh PAa3BUTHS LiETNel MOCTaBKU
HCM, noGsiBaeMBIX NpeNNpUATHSIMH peYyHOro TpaHcmopra. B pabote [7] Ha ocHOBe
CHUCTEMHOI'0 NoAxX0Aa chopMUpoBaHa (pyHKIMOHAIBHAS MOZEIb CHCTEMbI ITPOM3BOJCTBA U
noctasku HCM mnpennpusiTHeM Ha PEYHOM TPAHCIOPTE, KOTOpas PacKpBIBACT MOMAEIH
paboThl OAHOTO W3 3BEHBEB LEMH MOCTAaBOK — Mpou3BoauTensa-noctaBumka HCM,
OCYIIECTBISIIONIETO NpsMble MocTaBKM. OHa HCMOJNB30BaHA aBTOPAaMU CTaTbU MpHU
MojenupoBaHuu 1eneil mocraBok HCM, no0bIBaeMBIX TNPENPHUATHAMH PEYHOTO
TpaHCHOPTA.

Pe3yabTaTsl

B noructuueckux cucremax uenei noctaBok HCM B kauecTBe MOJACUCTEM BBICTYHAIOT
3BEHbSI LIETIH MOCTAaBKU: MIPOU3BOIUTENN-IOCTABIIUKY; OKYNATENH; TPEANPUITHSI ONTOBON
1 PO3HUYHOHN TOPTOBIHN (KOMMEPUECKHE MOCPETHUKHN); TOTUCTHUECKHE TIocpenHuKkH. [lepes
MOJICTUPOBAHUEM JIOTHCTUYECKUX cHcTeM Ieneil mnocraBok HCM, ¢ ywactuem
MPEANPUATHA ~ PEYHOrO0  TPAHCHOPTa,  MpokKjaccupumupyem  3TH  3BEHBS IO
(OYHKITMOHATTLHOMY YYaCTHIO B IIETIH ITOCTABKH.

B kauectBe mepBoro 3Bena menu noctaBku HCM (mpow3BOAWUTENSI-TIOCTABIINKA) Ha
PEYHOM TpaHCIIOpPTE MOTYT OBITh: peyHbie opThl 1 BYBBII - oHM ocyIiecTBIsAI0T 100BIYY 1
moctaBky HCM. IIpu 3TOM OHH MOTYT OCYIIECTBISTH IMOCTaBKH HA Pa3IMYHBIX Oa3HMCHBIX
YCIOBHAX TIOCTaBKY; 0e3 oboramenus no0siBaeMbix HCM wmim ¢ oOorameHueM; HCIob3yst
JUTSL JIOTUCTUIECKHUX OTEePaIUid B XOA€ MOCTABKU TOJIBKO COOCTBEHHBIC MOJPA3/ICICHUS HITH
OpraHu3ys WX BBINIOJHEHHUE MOCPEICTBOM 3aKa3a YCIYyTH JIOTUCTUYECKUX MOCPEAHUKOB. MX
Kiaccu(uKaus npuBeIeHa Ha puc. 1.

156



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne86(1), 2026

KiroueBpIMH yyacTHHKaMH Ha KOHIIE LIEIH NOCTABOK SIBJISIOTCA MOKymaTenw (puc. 2),
KOTOpBIE B COOTBETCTBHU C SKOHOMHYECKHM IOHSATHEM ITOCTAaBKH (IIPOJAKH NMPOAYKIMN
OIHMM TIPENUPHUSATHEM IPYroMy C TapaHTHPOBAaHMEM COOTBETCTBHS KadecTBa OSTOH
MPOXYKIUH, OTOBOPEHHBIM B JOTOBOPE IOCTaBKM TPEOOBAHUSIM) MOTYT OBITH TOJIBKO
OpraHM3alii, a uYacTHble juua, npuodperaroniie HCM B po3Huily XOTsS B COCTaB
noTpeduTeneld BXOJAT, HO HE BXOAAT B CTPYKTYpYy Lenu mnocraBok. K mokymnaremsam
OTHOCSITCSl KOHEUHbIe MOTpeduTenu u npennpustus, toprytomue HCM B posnuny. Onn
MOJIPA3IENAI0TCS 0 PALY IPU3HAKOB:

1) 1o XapakTepy J0roBopa IOCTaBKH (C JTOCTaBKOH M 0€3 T0CTaBKH);

2) 1o XapakTepy UCIOJb30BaHus 3aKynaemoro HCM:

— U1 TIPOM3BOACTBA CTPOUTEIBHBIX MarepuaysioB (O€TOHA, cMmecell ¢ IIECKOM H
OCTOHHBIX M3ICITUH);

— JUIS ICTIONIB30BAHNUS IIPH CTPOUTENBCTBE B KAUECTBE MAaTEPHAIBHOTO pecypca;

— st eperniponaxu HCM 0e3 nx mepepaOoTku (0OoTamieHus) OnToM;

— myst epernponaxu HCM 6e3 ux nepepaboTku (oOoraieHs) B pO3HHILY;

— st oboramenus npogaxxu HCM ornrom;

— ans oboramienus npojaxu HCM B po3HuILy;

3) 1O HaMMYMIO IPUYAJIOB:

— UMEIOIIIe COOCTBEHHBIN MPUYA;

— apeHayolye MpUYalbHble MOIIHOCTH;

— HE pacrojararoiye NpruyaibHBIMU MOIIHOCTSAMU.

JlormctndeckumMu  mocpenHWKaMH B memsx  nmoctaBok  HCM,  moOpIBaeMBIX
MPEANIPUATHAME PEIHOTO TPAHCIIOPTA MOT'YT OBITB!

— CYHOXOJHbIC KOMIIAaHHH, OCYIIECTBIIIOIINE IEPEBO3KH 110 BHYTPEHHHUM BOIHBIM
My TSIM;

— pedHbIe TOPTHI, OCYIIECTBIISIOIINE BEIIPY3KY U3 CYIOB M IEPETPY3KY B CYXOITyTHBIE
TPaHCIIOPTHBIE CPECTBA;

— aBTOTPAHCIOPTHBIE, JKEJIE3HOAOPOKHBIE U TPAHCIIOPTHO-3KCIIEAUTOPCKIE KOMIIAHUH,
ocymecTristtonye nepeo3ky HCM 1o cyXomyTHBIM TPaHCHOPTHBIM ITYTSM.

I{enocTHOCTP IIeNM MOCTaBOK KaK JIOTHCTUYECKOI CHCTeMBI oOecleunBaeTCs IMpexae
BCEro BHYTPEHHUMH CBS3SIMH MEXIY 3BEHBSIMH IIEIM MOCTaBOK — HH(MOPMAIMOHHBIMHU,
(MHAHCOBBIMH M MaTepuasibHbIMU. Ha HUX cTpouTcst GyHKIMOHAJIbHAS OpraHu3alusl Lenn
MTOCTaBOK KaK, CHCTEMBI B3aHMOCBS3aHHBIX Y4aCTHHKOB.

Cdhopmupyem Monenu BHYTPEHHUX CBSI3€H CHCTEM THIOBBIX Iered moctaBok HCM,
JI0OBIBaEMBIX TPENNPHUATUSIMHA peuHOro TpaHcnopra. Hanbosee pacnpocTpaHeHHBIMH IS
MIPEATIPUSATHI PEYHOTO TPAHCIIOPTA ABIAETCS IPSIMBIE LIETIN TOCTABOK, C(hOPMHUPOBAHHBIE HA
puc. 2 u 3.
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IIpomssoanremi-noctasmuki HCM ra BBII

L AN

Peunrie mopTer
BVYBBIIL, moxyuaromie He obora-
,/ \. merHEle HCM B KadecTBe IIo-
Oboramaromntie He 060TamaromnIIe Go1HOTO NpO/IyKTa
~
HCM mpu no0brae HCM npu go6srde I i
J He BBImOTI- Bsionuso-
HSIOIIHE Ouie onepa-
He BEIMOMHAIOOIIE Brmommsronuie one- OIIepaITHI I TOCTABKII
OIIEpalI J10- painH JOCTAaBKII 110 MOCTABKII KIIIEHTaM B
CTaBKH KJIHEHTaM BBIL KIIHEHTaM CBOIIX CyJax
Brimonnsroniie oneparii go- Hecnonp3yronie A4 JOCTaBKI KIIHNEH-
CTaBKI KIHEHTaM B CBOHX CyJax TaM YCIIYTH CYIOXOTHBIX KOMIIaHMI
] L
OCyIIecTBIAIONIIE J0- OCYIIeCTRIAIONIIE J0CTABKY OcyImecTBIAIOIIIIE
CTABKY HO IIPHYAI0E IPYTIIX gepes cKIaIsl Ha cobCTBEeH- HOCTaBKY 10 IMpHIa-
PEYHEBIX IOTOB HEIX IIpHYAIax Iopra JIOBE KIISHTOB
ObecnewniBa- He obecmey-
He OPraHIIZYROIIIIMIT OpFaHIIB}'}OHIHMII BEBI-
FOIIOIIE BBI- BAIOIITIE BEI-
BBRITPY3KY IOCTaBIICH- T'PY3KY JOCTABICH- m
TPY3KY O0- ITPY3KY J0CTaB-
Horo HCM =Ha mpudan Horo HCM Ha npmi4an PY3KS Py3Kky &
CTABIIEHHOTO nerHoro HCM
/ l HCM Ha mpi- Ha MpHYan
HAall KIHEHTA KIIIIEHTA
He oprammsyro- Oprazmsyromniie
IIMHE JOCTaBKY nmoctaBky HCM ¢
HCM c npr4anos [IpHYaIoB Ha I
€pEeTPYyKarOIIIe 13 CY-
Ha CcKIaj KIeHTa CKJIa/l KJIeHTa PeTpya Y
[IOB B Tpchr[opTHBée
CpeJCTBa KIIIeHTa De3
OcymecTBngronye xpadesne HCM Ha
_ _ XpaHeHIIs Ha CKIaje
CKIaJax mopra 6e3 oborameHns <
v Oboramaronme HCM Ha 6eperosoM 060py10BaHHH
IlocTasmsromme HCM Ha T

/CIIOBIHAX CaMOBBIBO3a — ]
Y OcymecTsisronie ynakosky HCM

IloctaBmsarome HCM Ha ycmo-
BIIIX JIOCTABKI Ha CKJTaJ KIHEHTa |¢————

He ocymectBnstommie ynakossy HCM

Puc. 1. Knaccndukanms nepBoro 3BeHa 1enu nocraBok HCM, 100bI1BaeMbIX MPEANPUSITHSIMA PEIHOTO
TpaHCIopTa, — Npou3BoAuTenen-nocrapmukos HCM
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IMocTABIIMK - peTHOH HOpT «P»
A

[loroBopa NocTaBku Ha YCAOBUAX: NOTPY3KK B CYAHO NOKYNATENA; AOCTABKM 0 NpK-
Yana NORYNaTena: 4OCTABKM C BbITPY3KM Ha CKAaA NPUYana NOKYNaTens; norpyskM s
3BTOTPEHCMNOPTHLIE CPEACTBA; AOCTABKM 3BTOTPAHCMOPTOM Ha CKNaf KAUEHTa

Y

IToxynaTean HCM

JJOTHCTHYECKAS CHCTEMA IIEIIH IIOCTABOK HCM,
JOBBIBAEMBIX PEUYHBIMH ITOPTAMHA

Puc. 2. OpranuzanioHHO MOJIeNIb BHYTPEHHUX CBA3EH Lenu 1nocTaBok ¢ nocraBkoit HCM peunbsiMu
MOPTaMH ¢ OKYCHOU KOMIAHUEH «ITOCTABIIUK — PEYHOM OPT» 0€3 UCIOIE30BAHUS JIOTHCTHUECKHX
nocpeaAHUKoB. CTpenKamMu OTpa)xKeHO HallpaBlIEHUE MOTOKOB: YepHbIE — MaTepUAIbHBIE TOTOKH,
3eJICHbIC — (PUHAHCOBBIC MIOTOKH, KPacHbIC — HH(GOPMAITHOHHBIC TOTOKH.

Peunble mopTHI B CIydasx:

1) OTCYTCTBUM TOCTaTOYHBIX MOIIHOCTEH Jy1st nepeBo3ku HCM;

2) MOCTaBOK reorpaMuecky yAalIeHHbIM OKYIIaTeNsIM;

3) IOCTaBOK MOKYyMAaTeNsIM, HAXOSIIUXCS B TPAHUIAX APYTUX PEUYHBIX IIOPTOB,

— obecneynBarOT NMpsSMbIE IOCTABKU 3a CUYET BKIIOYCHUS B IMPAMYIO IIETIb ITOCTaBKH
JIOTHCTUYECKUX MOCPETHUKOB (pHC. 3), ocTaBasich (GOKYCHOI KOMIAaHUEH B IIEMH ITOCTaBOK.
B Takux mensx mocTaBoK 3HAYUTEIBHO YBEIMYMBAET KOJIMUYECTBO BHYTPEHHHX CBA3EH, Tak
KakK IOpPTy HEOOXOIMMO 3aKJII0YaTh JIOTOBOpA HA MPEIOCTABICHHE YCIYT C CYIOXOIHBIMH
KOMIIAaHMSAIMH W /WAM JPYTUMH PEYHBIMH MOPTAaMHM W/WIN aBTOTPAHCIOPTHBIMU U
TPAHCHOPTHO-IKCHEAUIUOHHBIMU KOMIAHHUAMH, KOHTPOJMPOBATh UX BBHINOJHEHHE U
obecrieuynBaTh OIJIaTy 3TUX YCIYT.

B caywasx moctaBok HCM kommepdeckuM mnocpenHukam, nepenpofaromum HCM
ONTOM M B PO3HHILy, PEUHBIE MOPTHI B HACTOSINEE BPEMS OPTaHH3YIOT M KOHTPOIUPYIOT
(stBystroTCs POKYCHO# KOMITaHKUEH) TOJNBKO YacTh LIEMH TIOCTABOK - JI0 TOr0 KOMMEPYECKOTO
nocpeaHuka (puc. 4).

Ha ocranpHoit uyactn uenu nocraBok HCM ¢okycHON kommaHuend CTaHOBUTCS
KOMMEpYECKUI TOCPEIHHK, KOTOPBIH B HACTOSILEE BPEMSI B OCHOBHOM BBICTYIIA€T B CTATyCE
qunepa. M oH B 3TOH 4acTH LENH MOCTaBOK OPraHU3yeT U KOHTPOIUPYET B3aUMOJIEHCTBUE C
KOHEYHBIMH TOKYIATeJSIMH W JIOTHCTHYECKMMH TIOCPEJHUKAMH (3aKJII0YaeT JOroBoOpa,
BE/IET pacueThl, KOHTPOJIIUPYET HCIIOIHEHNE).

KonnuecTtBo cBsizelt Mexny yyacTHUKaMH B Lensix nocraBok HCM ¢ koMmMmepueckumu
MIOCPETHUKAMH BO3pAacTaeT M BO3MOXKHOCTH KOOPAMHAIIMM BCEX YYACTHHKOB IETH U
npousBoautenss HCM (pedrHoro mopra) yMEHBIIAIOTCS.
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IIOCTABIIHK - PETHOH MOPT «A»
A

A + ‘

[ [orosop NepeBo3ku ]

[ | l
b

|

|

| |

I' | CygoxogHaa KOMOaHHA «C»
[loroBop Ha OPraHM3aLMIo M BbIMNOMHE-
HUE NOTPY30YHO-Pa3rpy30uHelx pabot

v

Peunoii mopt «B»

Jlorosop TpaHcnopT-
HOM 3KCNegULMK

Y
TpaHCIOPTHO-3KCHETHTOPCKAA KOMIAHHA «T»

IToxynatenn HCM

JOTHCTHYECKAS CHCTEMA IEITH IIOCTABOK HCM,
JOBBIBAEMbBIX PEUHBIMH ITOPTAMHA

Puc. 3. OpranuzannoHHO MOJIENT BHYTPEHHHX CBs3el mpsaMoit neru noctaBok HCM ¢ ¢okycHoi
KOMITaHHEH IOCTaBIIMK — PEYHON MOPT» C UCHOJIB30BAHUEM JIOTHCTHYECKUX MOCPEIHHUKOB.

CrpenkaMy OTpakKeHO HANPABJICHHE TOTOKOB: YepHBIE — MaTepPHAIbHEIE IOTOKH, 3€JICHbIE —
(bMHAHCOBBIE TOTOKH, KPAaCHbIE — HH(OPMAIIMOHHBIE TTOTOKH
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T A
L |
| | [lorosop NepeB3Ku I

\
|
-

IIponzeogaTens HCM - peunol mopt «II»
’ ¥

[orosop no-
CTaBKW Ha ycno- |
CvI0X00HAA ROMIAHHA «C»

narens
[loroBop Ha OpPraHM3aLuio U BeINOHE-
HWE NOTpy304HO-Pa3rpy3ouHbix paboTt

h i
PeuHoif mopT «B»

BUAX JOCTaBKK
Ha CKNag noky- | I

X
OnToEaA KOMIIAHHA — THIEp «TI» Craan qanepa «I»
3 x
‘ a
Dorosop TpaHcnopT-
HOI SKCNegMUMK
.
TpaHCIOPTHO-3KCOCTHTOPCKAA KOMIaHAA «T»
| 2
,[I,oroaopa I'IOC'HJKM Ha yCNoBWAX AOCTaBHK Ha CNaf NoKynaTena

Morxynatean HCM

JIOTHCTHYECKA I CHCTEMA IEIIH IIOCTABOK HCM,
JOBBIBAEMBIX PEYHBIMH IIOPTAMHA

Puc. 4. OpraHu3aniioHHO MOJIETh BHYTPEHHHX CBSA3EH Lenu NOCTaBok ¢ moctaBkoit HCM peunbiMu
TIOPTaMH HA YCJIOBHAX JTOCTABKU HA CKIIAJ MOKYMATelst ¢ (POKYCHOH KOMITaHHEH «ONTOBasi KOMITAHUS —
JTUIIEP» € UCTIOIB30BAHUEM JIOTHCTUUECKHUX TTOCPEJHNKOB. CTpeNKkaMu OTPaXKeHO HalpapJIeHHE

TIOTOKOB: YCPHBIC — MATCPUAJIBHBIC ITIOTOKH, 3CJICHBIC — d)I/IHaHCOBl)Ie IMMOTOKHU, KPACHBIC —
I/IHq;)OpMaIII/IOHHLIe IIOTOKH

3¢ HexTHBHOCTH IIeTH MTOCTAaBOK M YCTOWYHBOCTH €€ Pa3BUTHS 3aBUCHT HE TOJBKO OT
BHYTPEHHUX CBSI3€ll, HO U OT BHEIIHUX. MoJeNb 3TUX CBS3€H MPUMEHUTENBHO K MPSIMOl
nernu nocraBok HCM, n1o0bIBaeMbIX pedHBIM IOPTOM, B KOTOPOH OH SIBISIETCSl (POKYCHOU

3aBUCUMOCTE OT OpraHu3alui,

KOMIIaHUEH MOoKa3aHbl Ha puc. 5.
AHanu3 cBsi3ell B MOJIETISX IIeTIel IIOCTaBOK, MPUBEICHHBIX HAa pHC. 2-5 (a TaKkKe IpYyTrux
— HE TPUBEACHHBIX B CTaThe) MO3BONHI BBISIBHTH XapaKTepHBIC BUABI CBS3CH yYaCTHHUKOB

COOTBETCTBYIOIIUX

LUeNW TIOCTABOK W  HAJIWYHE
00pa3yronuXx 3TH CBS3H.
K HUM OoTHOCSTCS CBSI3M (OKYCHOI KOMIIAHWH C YYaCTHUKAMH IIEITH ITOCTABOK:
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— ympaBisieMble  (POKyCHOW KoMIaHHeH (0OycIOBICHHBIE HAJIMYHUEM [OTOBOPOB
ITOCTaBKHU JIH YCIIYTH ¢ (OKYCHOU KOMITaHHEH);

— OTCJIeKUBAaEeMble M KOHTPOJHpYyeMble (0OyCIOBIEHHBIE OTCYTCTBHEM HPSIMBIX
IOroBOPOB (OKYCHOM KaMIIaHMM C YYaCTHUKAMHM ILI€NH IIOCTaBKH, HO HaIUYHEM
BO3MOXKHOCTH BJIMSITH Ha HUX Yepe3 JOrOBOPHBIE 0053aTeIbCTBA C KOHTPAreHTaMH);

— OTCIIS)KUBAaEMbIe, HO HE KOHTPOJHpYeMble (00yCIOBICHHBIE OTCYTCTBHEM HPSIMBIX
JIOTOBOPOB  (POKYCHOI KaMIaHWM C YYaCTHHUKaMU IE€NH MOCTaBKH, M OTCYTCTBHEM
BO3MOXKHOCTH BJIMSITH Ha HUX Yepe3 JOrOBOPHBIE 0053aTEIbCTBA C KOHTPAreHTaMu);

— HE OTCIIe)XKMBaeMble (POKYCHOI KOMIIaHHEH ¢ Y4aCTHUKAMH 1IEIH NOCTaBOK.

Ces3u ¢ oObEeKTaMM, HE BXOJSIIIUMH B IIellb IOCTABOK, HPU MOJCIHPOBAHUU
JOTUCTHYECKON cHcTeMbl menu nocraBok HCM, noObIBaeMBIX NPEANPUATHSIMH PEYHOTO
TPaHCIOPTAa, Leleco00pa3sHo NOAPa3AeNsATh Ha:

— perJIaMEHTHPOBaHHBIE  TOCYAAapCTBOM € TOCYIOApPCTBEHHBIMH  OpraHaMH
(MHHHCTEPCTBO TPHPOIHBIX PECypcoB M dKoioruu; demepanbHas HaloroBas Ciryxoa;
OenepanpHas ciyx0a peqroro ¢iuorta; OexepansHast cayx0a peqroro ¢iora);

— yOnpasJII€MbIC JOT'OBOPHBIMHU O6H3aTeJ'II)CTBaMI/I C OopraHmsanusamMmi, HE BXOOAIIUMU
B IICTIb TIIOCTABKU — q)HHaHCOBI)IMI/I " CTPaxOBbIMU OpraHU3aAlUsIMU,

— yOnpasJII€MbIC JOTOBOPHBIMHA 00s13aTEILCTBAMMU C NpeaAnpuATUAMU, HE BXOAAIIUMHA
B I[CIb NOCTAaBOK — C MNOCTaBUHIMKaAMU MAaTCPUAJIBbHO-TCXHHUYCCKUX PECYpCOB (TOHHI/IBa,
3aIlaCHBIX 4acTel, TPAaHCHIOPTHBIX CPEICTB, IEPErpy304HOTO U CKJIAJCKOTO 000pYAOBaHMS;
cpencTs no6srau u oboramenus HCM);

— OTCJICKUBAEMBIC CBSI3H C NPEANPUATHSIMY, BXOJSIIMMH B APYTHE LEMH MOCTaBOK
HCM (KOHKYpUPYIOLIMMH HNPEANPUATHIMU 1O (YHKIHOHATBHBIM THIIAM YYaCTHUKOB
neneid mocraBok -pobbBarommMu HCM mpennpuaTHAMH, CYZOXOAHBIMH KOMIIAHUSMHU,
ABTOTPAHCIIOPTHBIMH ~ KOMITQHHSIMH,  TPAHCIIOPTHO-OKCIICAUIMOHHBIME  KOMIIAHHSAMH,
KOMMEPUYECKUMH [TOCPETHUKAMHU).

3akaouenue

OCHOBHBIE pE3yIBTATHI UCCIEAOBAHMS CBOJIATCS K HUXKE CIEIYIOIIMM BBIBOAAM.
1. Pazpaborana xmaccudukanus 3BeHbeB 1ermell moctaBok HCM, moObpIBaeMBIX
NPEANIPUATHAME peyHoro TpaHcmopTa. OHA CO37aeT NPEANochUIKy K (HOPMHPOBAHUIO
TUTIOBBIX Mojeneil memeil mocraBok HCM, moOBIBaeMBIX MPEANPUSTHIMHA PEIHOTO
TPaHCIIOPTa, W ONpeleNeHNI0 (PaKTOpPOB, BIMSIONIMX HAa YCTOHYMBOCTH IIENEH ITOCTaBOK
HCM c yuacTuem npennpuaTuil peuHoro TpaHcIopTa.
2. Ha ocHOBe crcTeMHOro 110/1X0/1a chopMHpOBaHa OpraHU3aIIOHHbBIE MOJEIN BHYTPEHHUX
cBa3ed anmsa TUNOBBIX nened moctaBok HCM, n00bIBaeMBIX MNPEANPUATHAMU PEYHOTO
TpaHcnopTa. OHU YYUTHIBAIOT KOMIUIEKC CBSi3e€H B LEIMAX IOCTaBOK (MH(OPMAIMOHHEIE,
(MHAHCOBBIE, MaTepHaJbHbIE) MEXAY Yy4YaCTHHKaMH. OTO TMO3BOJUT B JaJbHEHIINX
HCCIICIOBAHMAX MEPEUTH K ONTHUMHU3AINH ITHX LIETeil MOCTaBOK.
3. CucremHbIi 10X0/ (B 4acTHOCTH, pa3pa0OTaHHBIE MOJAENN CHUCTEMBI IeTeil OCTaBOK
HCM, noGbiBaeMbIX NPENPHUATHAMH PEYHOTO TPAHCIIOPTA) MO3BOJMI OINPEAEIHTH KPYT
OpraHu3alyii, BIUSIOINX Ha YCTOMYMBOCTb Pa3BUTHSI 3TUX Iiened. DTO Aaja0 BO3MOKHOCTh
KJaccU(UIMPOBaTh THIBI BHYTPEHHHX M BHENIHMX CBs3ed meneil mocraBok HCM, uro B
JalbHEHIINX UCCIIEJOBAaHNUAX TIO3BOJIMT MIEPEHTH K (POPMUPOBAHHIO HAYYHO-METOIMIECKUX
MOJIXOJIOB K OIICHKE W TOBBIMIEHUIO YCTOMYMBOCTH memnel moctaBok HCM, noOsiBaeMBbIX
MPEIIPUATHSIMH PEIHOTO TPAHCIOPTA.
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TeppuTOpH-

N KomaTteT o
ANbLHBIH KO-

TeOIOTHH H HC- BT FIEEERe
MHTET II0 [N — 5KOIIOTHH H IpH-
3amacam Hexp 0GuaCTH POZHEIX PECYPCOEB
(TK3) T — o0OmacTH (pecmyd- Dege-
1) JIMKH H T.IL) paTbHaL
cayxda
pedHOro
tmoTa

IToCcTaBINHKH
CPeACTE SOOBIYH H
oboramenngs HCM

TMocTaBMAK - pedH0il MOPT «A»

Jo0srda B norpyska HCM H3 00BoIHEH-
HEIX KEapbepoB B cVaa;
TepeBo3Ka ¢ MecTopokJeHHa Ha BBIT no

IMocTaEmuEE IpHYAaTa KIHEHTA,
TPAHCIIOPT- EBITPY3Ka H3 CYJOE Ha CKIAM INOKYIIATeId

HBIX CPelCcTE

|
4 " Deme-
paTbHag
Jorosop TlocTaBKA HAIOTO-
TIOCTABKH HCM Omara Bas
octas- HOEE ciyxba
[IHKH Tepe- i’ [

IPY304HOH
"Hokynatens HCM «E»
TEXHHKH i

SaKmroUeHHe JOTOBEOpA MOCTAEKH C IIOPTOM A Ha
YCIOBEHAX QOCTABKH Ha CRIAT ITOKYIIATET,
VIIIATa M0 JOTOBOPY IMOCTABKH

JOTHCTHYECKAA CHCTEMA
MPAMOM IEITH HOCTABOK HCM
HA PEYHOM TPAHCIIOPTE

VYaacT-
HHKH Apy-
rax LI
HCM

@, CTPAXOBEI@ H TH3HHTOBEIR KUMHD

Puc. 5. OpranuzanuoHHas Mozielb BHYTPEHHUX U BHEIIHUX CBsi3el B mpsAMoi nenu noctaBok HCM,
JI0OBIBAEMBIX PEUHBIM ITOPTOM
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AnHoTammsi. B Hacrosmeidl craTbe paccMaTpPHBAIOTCS  BONPOCH  AKOHOMHYECKOM
0€30IIaCHOCTH TPAHCIOPTHOW CHCTEMBI PErMOHa, CYIIECTBYIOLIME Yrpo3bl B 9TOH OTpaciy,
BapMaHTBl pEIIeHHs 3aJad [0 WX HEHTpanu3alud B COBPEMEHHBIX  YCIIOBHSX.
Boctpe6oBaHHOCTD M3y4eHHs JaHHON c(epbl PErHOHATBHONW SKOHOMHUKH O0YyCIIOBIICHA TEM,
YTO Ha3eMHbIC, BO3MYIIHBIE, MOPCKHE M PEYHBIC KOMMYHHKAI[MM OMHMO BBITIOJHEHHS
CBOMX HPSMBIX (DYHKIMH MO MEpeBO3KaM €m€ U IOBBINIAIOT OCHOBHBIE pPETHOHAIBHBIC
HKOHOMHYECKHE TI0Ka3aTelH, a TAKKe YIIYYIIaloT YCIOBHS IPOXKUBAHUS rpakaaH. [1pu sTom
POCT TPaHCIIOPTHOTO TOBApOOOOPOTa M NEpeMeIeHHUs] HAaceTIeHHsT HEU30eKHO MPUBOAUT K
YKPYITHEHHIO U 3JEKTPOHHOMY HACBIIICHUIO JIOTUCTHYECKUX LIEHTPOB (XaboB), 4TO, B CBOIO
ouepeqb, YPEBaTO BHOBb IOSBISIIOIIMMHCS PUCKAMH M BBI30BaMH, II0J{BEPrarOlINMH
OMAaCHOCTH YKOHOMHYECKYIO IeSTEIBHOCTE JIF000T0 OTAENBHO B3ATOTO cyObekTa Poccuiickoit
denepanuu.

ObecnieyeHne SKOHOMUYECKOW 0€30MacHOCTH WHPPACTPYKTYPHI TPAHCIIOPTHBIX COOOIICHUI
— 9TO 3am|Ta CTPAaHbl OT NPEJNOJIAaraeMbIX BO3MOXHBIX TYpOYJIEHTHBIX (HaKTOPOB,
MOTEHLMAIBHO OMACHBIX JUISl TPAHCIOPTHOW oTpaciu. Bce cocraBistonue TpaHCIOPTHON
apXUTEKTYPBI, BKIIFOYask JTOPOXKHYIO CETh, MOCTOBBIE COOPY)KEHHSI M 3CTAKaJbl, BO3IYIIHBIE,
MODPCKHE U peyHbIe HOPTHl HEOOXOANMO MOCTOSHHO COAEPXaTh B CTAOMIJIBHO CTaHAApTHOM
paboueM cocTosiHUM. HeynoBieTBopuTeNnbHOE UX COJepIKaHUe 0XKUAAEMO MOXKET ITPUBECTH K
TPAaHCHOPTHBIM ~KOJUIAIICaM W HEOINpPABJAaHHO BBICOKAM (DHHAHCOBBIM  BIMBAHUSAM,
HAIPaBJICHHBIM Ha yCTPAHEHNE BO3MOXHBIX aBAPUIHBIX CUTYallUH.

VIHHOBaIMOHHbBIE TEXHOJIOTHH, 0E3yCIOBHO, MOTYT MOBBICHTH YPOBEHb 0€30I1aCHOCTH, HO,
OJHOBPEMEHHO, CO3/IAI0T MPEAIIOCHUIKN sl HOBBIX BEI30BOB. BHenpenune nH(opMaImoHHO-
TEJICKOMMYHHUKAI[MOHHBIX CHCTEM YIpABJICHUs] JBIDKCHHEM IIpejroiaraeT obecrieueHue
3aIIMTBl OT XaKepCKHX aTak MPOrpaMMHBIX MPOAYKTOB, TaK KaK HEUCIIPABHOCTb TAaKOTO
000pynoBaHus MPUBEAET K HEOOPAaTUMBIM MOCICACTBHSA. D((GEeKTHBHAs HOPMOTBOPUYECKAs
ACATCIIBHOCTD U MPaBONIPUMEHUTECIbHAA IPAaKTUKaA B O6H3aTeJ'leOM MOPAAKE CHUXKAIOT Opor
YA3BUMOCTH B pacCMaTpUBacMOM BUE IKOHOMUYECKOM JACATCIIBHOCTH.

KnroueBble cioBa: DkoHOMHYecKas 0€30MacHOCTb, pETHOHANBHAS  TPAHCIIOPTHAs
HHPPACTPYKTYpA, JIOTUCTUIECKHIA LEHTP (Xab), yrpo3oodpasyrommue GakTopbl, MOOMIEHOCTh
HaceJIeH!s], ToBapooOpaleHne, OeCIMIOTHBIE BUABI TPAHCIOPTA, TEPMUHATBEHBIA KOMIIIEKC,
BHYTPEHHUH TypU3M.
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Abstract. This article discusses the economic security of the region's transport system, the
existing threats in this industry, and the solutions to neutralize them in today's conditions.
The importance of studying this area of the regional economy lies in the fact that land, air,
sea, and river transportation, in addition to their primary function of transportation, also
contribute to improving the main regional economic indicators and the living conditions of
citizens. At the same time, the growth of transport turnover and population movement
inevitably leads to the consolidation and electronic saturation of logistics centers (hubs),
which, in turn, is fraught with new risks and challenges that pose a threat to the economic
activities of any individual constituent entity of the Russian Federation.

Ensuring the economic security of transport infrastructure is about protecting the country
from potential turbulent factors that could harm the transportation industry. All components
of the transportation architecture, including road networks, bridges, and flyovers, as well as
air, sea, and river ports, must be maintained in a stable and functional state. Failure to do so
could lead to transportation disruptions and unnecessary financial investments to address
potential emergencies.

Innovative technologies can certainly increase the level of security, but they also create new
challenges. The implementation of information and telecommunication traffic control
systems requires protection against software attacks, as malfunctions in such equipment can
lead to irreversible consequences. Effective regulatory and enforcement practices are
essential to reduce the vulnerability of this economic activity.

Keywords: Economic security, regional transport infrastructure, logistics center (hub),
threat-generating factors, population mobility, goods circulation, unmanned transport,
terminal complex, and domestic tourism.

BBenenne

IIpn oOleHMBaHMM peaTbHOrO TIOJIOKEHUS € o0ecredyeHneM HSKOHOMHYECKOH
0€30IacCHOCTH PETHOHAIBHOW TPAaHCHOPTHOW HMHQPACTPYKTYpPHl B HACTOSIIEE BpEeMs
HEOOXOINMO OpHUEHTHPOBATHCS HAa COOTBETCTBYIOIINI aKTyalbHBIH MOHATHHHBIN ammapar.
®opmupoBaHue SKOHOMHYECKOH  OE30IIaCHOCTH  pETrHOHAJbHOM  TPaHCIOPTHOMN
HHQPACTPYKTYpHl  IleIecoo0pa3Ho, Ha  B3IMIIsA[  aBTOpOB, chopMmynmpoBaTh  Kak
OecriepeOOiHYI0 U CTAOUIBHYIO JAESITEILHOCTh UMEIONINXCS 3BEHBEB YIPABJICHUS W BUIOB
TPAHCTIOPTHOH COBOKYITHOCTH Pa3HOOOPa3HBIX MAapIIPYTOB COOOIIEHUS, WHKEHEPHBIX
00BEKTOB, TPAHCHOPTHBIX CPEJICTB, JIOTHCTUUECKHX IIEHTPOB (XabOB) OTIEIHHO B3STOM
TEPPUTOPHUAILHON E€IMHHMIBI, CIOCOOHYIO rapaHTHPOBaTh A(P(EKTUBHBI SKOHOMUYECKHUH
POCT, KaK JaHHOTO TEPPUTOPHAIBEHOTO 00pa30BaHus, TaK U CTPAHBI, B IIEJIOM.
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CtpyKTypa OpraHM3allid IPUMEHEHUS Mep 3KOHOMHYECKOW 3aIlUThl TPAHCHOPTHOMH
nH(PaCTPyKTypsl PErHOHA, HECOMHEHHO, BKIIIOYACT B Ce0s TaKHWe acIeKTHI, KaK CO3/1aHHe
ycnoBui  Ans Oe30macHOM  SKCIUTyaTallid  aBTOMOOWJIBHBIX,  JKEJIE3HOIOPOXKHBIX,
BO3MYLIHBIX, BOAHBIX M HHBIX BCEBO3MOXXHBIX BHJOB TPAHCIOPTHBIX IIPUCIIOCOOIECHUMH,
IIpeJHAa3HAYCHHBIX Ul IepEeMEIleHI B IPOCTPAHCTBE TOBAPHBIM MPOAYKLIUU U HACETICHUS;
NIPEIOCTaBJICHHE YNOOHBIX W BEPHU(UIMPOBAHHBIX YCIYr IO TIEPEBO3KE W JOCTaBKE;
MPOTEKIMOHU3M (B HEOOXOAMMOI CTemneHH), 4TOOBl OTEYECTBEHHBIC IIPEIUIOKCHUS B
paccmarpuBaeMoil  cdepe MO3MLIMOHMPOBAINCH Kak Oojiee MPEIOoYTHTENbHBIE U
BBIMTPBILIHBIE, YeM 3apyOexHble, paluOHAIIbHOE M OEpexHOE  Pacxo/l0BaHHE
CYLIECTBYIOIIUX YEJIOBEUECKUX U TEXHUUECKUX CHII M CPEJCTB U ApYTHe.

Lemnpto HacTOAMEW CTAaThH aBTOPHI OIPENENIUIM KaK OOCYXICHHE ITyTeH peIIeHHs
HUMEIOIINXCSL CETOAHS AaKTyalbHBIX 3aJad OOCCIeueHHs HSKOHOMHUYECKOH O€30MacHOCTH
pEeTHOHANBHON TpaHCTIOPTHOW HHMpAacTpyKTypHl. 1 3TOro OBLTa M3ydeHA CHCTEMa Mep,
obecrieunBaronX (QYHKIMOHUPOBAHUE [aHHOW WH(PACTPYKTYpPBI, OBUIM HCCIIEIOBaHEI
BEPOSITHBIE yrpo3000pasyromue (GakTopsl W BBIIBICHBI TCHACHINN, OKa3bIBAIOLINE B TOW
WIN WHOM CTETeHH ONpENeICHHOE BIHMSHHE Ha SKOHOMUYECKYI0 O€30IacHOCTH
XO3SHCTBYIOIUX NPEANPUATUN U OpraHU3aluil TPaHCIIOPTHOM OTPAC/IM PETUOHA.

OOBEKTOM  HUCCJEIOBaHMS IIPH OTOM  SIBJISICTCS  pErMOHajbHAs TPAHCIIOPTHAsS
uHdpacrpykrypa. [Ipenmerom — cucrema odecnieyeHus: €€ IKOHOMUIECKOW O0€30MacHOCTH.

MeTtoabl

[Tpu moAroTOBKE MpeIaraeMoil Hay4Ho! paboThl aBTOPaMH MPUMEHSIIUCH ClIeTyIOLIHe
METOJBI:

— METOA JeIyKLHH, TP HCHOIb30BAHUU KOTOPOrO MPOBOJUIOCH UCCIEN0BAHHE OT
I7100aIbHOTO MOHUMAaHHS BCE CHCTEMBI TPAaHCIIOPTa U €€ 0e30MaCHOCTH B SKOHOMUYECKOM
OTHOIIGHWH, B IIEJIOM, K H3YYCHHIO JKOHOMHYECKOM OE30MacHOCTH pPETrHOHAIBHON
TPaHCTIOPTHOW MH(PACTPYKTYPHI;

— METOJ] KOMIUIEKCHOTO CHCTEMHO-CTPYKTYPHOTO aHalu3a MOpsaKa oOecIleueHHs
9KOHOMHUECKOI 0€30MacHOCTH TPAHCHOPTHON HHQPACTPYKTYphl pPEruoHa, COYETAIOIIUit
o0t 1 yrinyOnéHHbIM aHauu3, OPUEHTHPOBAHHBIA HAa JUHAMHYECKMH MOHHMTOPDHHI H
BBISIBJICHUE IIPUYMHHO-CIICJCTBEHHBIX CBS3E€M MEXAY BCEMHU 3JIEMEHTaMU 3TOT0 CUCTEMHOTO
00pa3oBaHus;

— METOA CHHTE3a yIpo3 HKOHOMHMYECKON 6e3omacHoOCTH,
NpEeAINoJaraloui CTPYKTYpPHOE HM3Yy4eHHE Yrpo3000pa3yromux (akropoB, HMEIOIINX
MECTO B paccMaTpHBaeMOW SKOHOMHYECKOH cdepe, M QUKCAnUI0 HX OTPUIATEIHHOTO
WHTETPUPOBAaHHOTO BO3ACHCTBUS Ha HMHQPACTPYKTYpY TpAHCIOPTa B PETHOHE IS
BBIPaOOTKH KOHCTPYKTUBHBIX IPEIUIOKEHUH 110 NX HUBEINPOBAHUIO W JINKBU/IAIINY;

— MEeTOJI SKOHOMHYECKOTO aHaJM3a Kak Habop HHCTPYMEHTOB BCECTOPOHHETO
N3y4YEeHUS] HapOJHOXO3SHCTBEHHBIX c(ep NEeATeNBHOCTH M JETePMHUHAHT, BIUSIONIMX Ha
HUX.

OMINPUIECKUMHU HMCTOYHUKAMU [IpEAIaraeMoro HCCIIEJOBAHMS SBWINCH
AQHATTUTUYIECKHUE W CTATUCTHYECKUE CBEICHHS, OYOJIMKOBAHHBIE B OTCUECTBEHHBIX HAYUYHBIX
W3JIaHUAX, Pa3MELICHHBIX B OTKPBITOM JIOCTYIIE.

Pe3yJ’ILTaTbl Hu 06cym}1elme

I'oBops 00 axTyanbHBIX 3a7adax oOOECHEUCHHS HKOHOMHYECKOW Oe30macHoCTH
PETHOHAJIBHOW  TPAaHCIOPTHOM WH(PACTPYKTYpHI, MpPEACTaBISETCS LEIecO00pa3HbIM
0003HAYNTH CJIEYIOLINE OCHOBHBIE U3 HUX.

Bo-nepBbIX, 3TO 3ajgaya IpeoJoJeHHs Yrpo3000pasyonmx (akTopoB, KOTOpHIE
IIPaBOMEPHO Pa3AeInTh Ha BHYTPEHHHE U BHELTHHE.
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K BHyTpeHHHUM yrpo3aM OTHOCATCSI HEOOpaTHMble HETaTHUBHBIE IIOCICICTBHSI B
TPAHCIOPTHOM,  JIOTHCTHYECKOW, KaApOBOW, (MHAHCOBOH, WHBECTHIMOHHOW U
WHHOBALMOHHOM AEATEIHPHOCTH PETHOHAIBHON HH(PPACTPYKTYPHI TPAHCIIOPTA.

K BHemHHMM yrpozam 3KOHOMHYECKOH 0e€30macHOCTH HEOOXOIMMO OTHECTH
TypOyJICHTHbIE CHUTyallid, CBsI3aHHBIE C COLMAIBHBIMH TpoOieMamu B  cdepe
TOCYIapCTBEHHOTO  PETYJIMPOBAaHHMS  JISSITENLHOCTH  HMHQPACTPYKTYphl — TPaHCIOPTa,
HEeI0OOpOCOBECTHOW  KOHKYPEHIMEH,  BOCIpPEISTCTBOBAaHHEM  CTa0WIBbHOW  paboTte
TPAHCHOPTHBIX NPEANPUATUIN pETHOHA.

Kpome TOro, 3T0 NpOTUBOCTOSIHUE IKCTPEMHUCTCKUM U TEPPOPUCTUUYECKHM YTpo3aM, B
TOM YHCIIE XaKePCKHM IIOCSTaTelIbcTBaM B KHOEPIIPOCTPAHCTBE, II0/pa3yMeBalolee
obecrieueHne HaAEKHOW 3aIIUTHI U YCTOHYMBOTO (PyHKIMOHHPOBAHWS CPEACTB JOCTABKU
HapOJHOXO35IMCTBEHHBIX IPY30B U NIEPEBO3KU JIIOIEH.

OT0 TakXKe Yrpo3bl, BO3ZHHUKAIOIINE H3-32 HPHUPOJHO-KIMMATHIECKUX YCIOBHH U
reorpa)Mueckoro MOJNOKCHMS, B TOM YHCIIC HABOIHEHWH, 3EMJICTPSICEHHH, JIECHBIX
MOXAPOB M IPYTUX CTUXUHHBIX OEICTBHH.

K BHEIHNM k€ OTHOCSTCA YrpO3bl CAHUTAPHO-MUAEMUAOIOTHYECKOTO U TEXHOTEHHOTO
XapakTepa.

K y3koHampaBieHHBIM BHAAaM BHEIIHUX YIpO3 CJIEAyeT OTHECTH TaKkKe YIpO3bl
TEPPUTOPUAIIBHOTO, MECTHOTO M PalOHHOTO MaciiTaboB, Kacaroliuecs He TPAaHCIIOPTHOM
UH(PACTPYKTYpHI B LIEJIOM, a TOJIBKO OTAEIBHBIX € cerMeHToB [1].

Bo-BTOpBIX, MO-IpeXHEMY aKTyalbHOM OCTaeTcs 3ajadya pa3BUTHS TPAaHCIIOPTHOU
nHppacTpykTypsl. COCTaBIAIOIIMMH YacTAMH PpEIICHHS TaHHOW 3agaddl 34ech OyayT
CTPOUTENbHBIE, OOCITYXHMBAIOIINE W PEMOHTHBIE MEPONPHUATUS YIUYHO-AOPOXKHAS CETH
(YC), B KOTOPYIO BXOIAT OOBEKTHl KAIUTAIFHOTO CTPOUTEIBCTBA, NPEIHA3HAUYCHHBIC VIS
JIBIDKCHHUS TPAHCTIOPTHBIX CPEJICTB U TEMIEX0/I0B, a TAaKXKe A 0OecTieueHHs TPaHCIIOPTHBIX
U TENIEXOJHBIX CBS3EH TEPPUTOPHI HACEIEHHBIX TyHKTOB PETHOHA.

[Ipu MIPOEKTHUPOBAHUU YaC HE00X0AUMO YUUTHIBATh TpeOOBaHMUS
CIT 42.13330.2016 (CBoma mpaBun «I'pamocTpouTenscTBo. [lmaHUpOBKA M 3acTpoiiKa
TOPOACKHX M CENbCKHUX IIOCEJICHWH») M TEPCIEeKTHBY POCTa MHTEHCHUBHOCTH JBIKEHUS
TPaHCHOPTa U 0OeceueHUs] BO3MOXKHOCTH MPOKJIAIKA HH)KEHEPHBIX KOMMYHHUKAIHH [2].

Tak, onpenenstomyMu ycaoBUsMU nipu popmupoBanun mnpoekta ¥YJIC NomKHbI ObITh
OKHIaeMble Ha MJIAHUPYEMBIH MEepHo]i KOJIMYECTBO MOCTOSHHOTO M JHEBHOTO HACENEHUS,
pabounx MecT, pa3Mepsl KaXIOJHEBHOH MAasATHHKOBOH MMWIpAIlH, B3aHMOCBS3b
TEPPUTOPUI 00CITY>KUBAHUS MEKAY COOOH M C IEHTPOM PETHOHA M MPOYHUX OOCTOSTEIBCTB.

Kpome Toro, n3 nepeuynst MEpONpPHUITHN, OKa3bIBAIOIIKX BIMSHUE HA MPOECKTUPOBAHHE
VYC, Henp3st UCKIIIOYATh UMEIOIIMICS U IPOTHO3HBIA YPOBHU HAJMYMS PA3IMYHBIX BUJOB
TPaHCIIOPTa, a TAKXKE paclpelieNieHne II0e3/I0K IpakJaH Ha JMYHOM M OOIIECTBEHHOM
TPAHCHOPTE B PETHOHE.

B-TpeTpux, — 3TO NOBBIIEHHE MOOMIBHOCTH HaceJIeHHs U ToBapooOpameHus. Pemenne
3a[a4i YBEIUYECHUS CKOPOCTH MEPEMEIIEHHs MacCaXXHPOB U IPy30B OJHO3HAYHO MPUBEAET
pPETHOHANBHYIO TPAHCHOPTHYIO HMHGPACTPYKTYPY K OIIYTUMOMY O3KOHOMHUYECKOMY U
cornuanbHOMY 3P (GEKTy ISl BCETO PETHOHA.

[Ipu sToM ans pemieHWs NaHHOM 3agadd HEOOXOAMMO MPEIOCTABHTH HEOOXOANMBIE
YCIIOBHSL Y IPEATIOCHUTKH, B TOM YHCIIE:

— obecriedeHue J10CATaeMOCTH BCEX YYacTKOB MECTHOCTH, 3a/IeHiCTBOBAaHHBIX IS
pasMelleHrss M HCHOJIB30BaHUS OOBEKTOB J>KM3HEAEATENILHOCTH 4YEJIOBEKa, BCEMH
UMEIOIIMMUCS ~ BHJAMH  TPAHCIOPTa, OCOOEHHO Uil JKUTENeH  yNaIEHHBIX,
TPYAHOAOCTYIHBIX U F€OCTPATETNUECKUX TEPPUTOPUL;

— Pa3BUTHE JEUCTBYIOIUX U CTPOUTENLCTBO MIAHUPYEMBIX MUHEPAIbHO-CHIPHEBBIX
LIEHTPOB, KOTOPBIE ONPENEINTIOTCS KaKk 00beIMHEHE Pa3padaThIBaeMbIX M MPOTHO3UPYEMBIX
K pa3paboTKe YYacTKOB HeIp C TOJE3HBIMH HCKOIA€MBIMH, CONPSDKEHHBIX €IUHON
paboTaronieil ¥ MepCIeKTUBHONW CHUCTEMaMH KOMMYHHKAIWMA ¢ OOIIeH HCXOIHOW TOYKOM
OTIIPAaBKH W3BJICUCHHBIX IPHUPOJHBIX PECYPCOB B TOCYNAPCTBEHHBIN WM CYOBEKTOBBII
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TPAH3UTHBIH KOMIUIEKC (aBTOMOOWIBHBIN, KEIe3HOAOPOIKHBIM, BO3AYIIHBIA, MOPCKOW H
TpyOONPOBOAHEIN TPAaHCHOPT) C IENBI0 Tepelavyd 3alHTEePECOBAHHBIM CYOBEKTaM
9KOHOMHYECKOH JEATENbHOCTH, B TOM YHCIIE IS MX 9KCTopTa [3];

— COBCPIICHCTBOBAaHME M  NPHOMMKEHHE  BO3MOXKHOCTEH  IPENOCTAaBICHUS
CTPYKTYPbl TPAHCHOPTHOM JOTMCTHKU K MX HCIOJB30BAaHUIO COOTBETCTBYIOIIEH UYacCTbIO
MOTPEOUTEIHCKOTO COOOIECTBA MyTéM (POPMUPOBAHUS 1IEIECOO0OPA3HOTO U CIIPABEIUBOTO
paBHOBECHS] CTOMMOCTH, Pa3MEPOB U YPOBHS OKa3bIBAEMBIX CEPBUCHBIX MEpPONPUATHH, a
TaKXKe 3allUIIEHHOCTH M COXPAHHOCTU IPHU TPAHCIOPTUPOBKE HACENEHHS U TOBAapHOM
maccel [4].

— TOBBIIICHHE 00béMa u YMEHBIICHUE BpEMEHU TPaH3UTHBIX
MIEPEBO30K MMOCPEACTBOM Pa3pabOTKH W HPUMEHEHHS COBPEMEHHBIX MYJIbTUMOAAIBHBIX
JIOTHCTUYECKUX TEXHOJOTUYECKHX WHHOBALMM, TO €CTh IOCTOSIHHBIN MOWCK W BHEAPEHUE
HOBBIX TEXHOJIOTHH, TAKNX KaK aBTOMAaTH3aIHs, pOOOTH3AIUS U HCKYCCTBEHHBIH MHTEIIEKT,
YTO 3HAUYUTEIBHO yCHIINBAET 3()(hEeKTUBHOCTH JJOTUCTUUECKHX OTeparui [5].

B-ueTBepTEIX, — 3TO BHEOPEHHWE OCCIWJIOTHBIX BHIOB  aBTOMOOHIBHOTIO,
KEJIe3HOJOPOKHOT0, BO3AYIIHOTO, MOPCKOTO M PEYHOI'0 TPAHCIOPTA B IEAX 0OecredeHus
0oJiee YCKOPEHHOT0, OecrepeO0OMHOro U CTAOMILHOIO MPOIIECca MEPEBO3KH MACCAKUPOB U
IPY30B, YTO, HECOMHEHHO, OyJIeT SBIATHCS OCHOBOW YKPEIUICHUS! PHIHOYHOM YCTOHYMBOCTH
OTEYECTBEHHBIX TOBAPOB BHYTPU CTPaHbI U 3a €€ IpeleaamMHu.

B-mAThHIX, — 3TO COKpauieHue MOCIEACTBUI OTPULATEILHOIO BIIMSHUSA TPAHCIIOPTHOM
CUCTEMbI Ha COCTOSIHHUC C€CTCCTBCHHBLIX IMPUPOAHBIX MOKa3aTeei. HpI/I UMCIOIICMCSA B
HacTosAIIee BpeMsI 0COOOM OTHOIICHWH HACENICHNUS K 3KOJIOTHH TOTO MM HHOTO PETHOHA 3Ta
3a7a4a MpEACTaBIsIETCs Ooyiee CONMAIbHO 3HAYMMOH, B TOM YHCIE TPH CTPATErHYeCKOM
IUIAHUPOBAaHWH TIPOMBIIUICHHBIX TPEANPHUATHH W TPOU3BOJICTB PETHOHAIBHOTO |
(enepabHOTO 3HAUCHHH.

[NoBeImIeHNe KadecTBa TPAHCHOPTHBIX YCIYT B 4acTH KOMGOPTHOCTH M 0E€30IaCHOCTH
MIEPEBO30K JIOJDKHO, O€3yCIIOBHO, COYETAThCsl C MUHUMH3AINEH HETaTHBHOTO BO3JCHCTBHS
Ha OKPYXAIOIIyI0 CPey.

B-mecTeix, — 3TO mOjJep’KaHWE ONEpPAaTHBHOIl CHOCOOHOCTH BCEH TpaHCIOPTHOH
CHCTEMBI OBITh TOTOBOM K HCIIOJIb30BaHUIO P BOBHUKHOBCHUUN qpesquaﬁme CHTyaHHﬁ,
TCXHOI'CHHBIX KaTaCTpO(i), O00BSABIIEHUN BOEHHOIO TMOJIOKEHU, a TaKXe ApYrux
00CTOSITENILCTB, TPEOYIONMX MPOBEACHHUSI HEOTIOKHBIX MEPONPHUATHI IO 3alUTEe CTPAHBI U
€€ rpakJlaH OT BO3HUKIIHUX yTpo3.

B-cenpMBIX, — 3TO co31aHHUe YCIOBHH M MPEATIOCHIIOK JUI PEI0CTaBICHUS HACEICHUIO
MaKCHMaJIbHO 0€30MacHOro, NPHEMJIEMOTO MO0 LEeHAaM W ONTHMAJIBHOTO MO KadecTBY
oOciry)xuBaHUs B chepe IepeBO30K.

Ota 3agada pemaercs HMyTéM oOecredeHHs] O€30MacHOCTH TPAHCIIOPTa M OOBEKTOB
TPaHCIIOPTHOH nHQPaCTPyKTypHI, JIOTUCTUYECKUX [IEHTPOB, CTpaTEern4IecKux
JKEJIE3HOAOPOKHBIX Y3JI0B, KPYIHBIX MOPCKHX M PEYHBIX IIOPTOB, IUIFO30B, THAPOY3IOB,
aBTOTPACC, 3CTaKajd, MOCTOB, a TAKXKE a3POJIPOMOB U BEPTOJIETHBIX IJIOMIAI0K, B TOM YHCIIE
C UCTIOJIb30BAHUEM CHICITUAIIM3UPOBAHHBIX TCPMUHAJIBHBIX KOMIUICKCOB.

HO)I TEPMHUHAJIbHBIM KOMIIJICKCOM H€O6XOHI/IMO IIOHHUMAaThb COBOKYITHOCTH
MPOMBINUICHHO-MEXaAHU3UPOBAHHBIX 06’I)CKTOB, 060py}IOBaHHBIX MHHOBAIITMOHHBIMH
CHCTEMaMH, TO3BOJIIONIMMH OKa3bIBaTh CEPBHCHOE OOCITY)KHBaHHE IO COIPOBOXKICHHIO
NIepEeBO3KH, PACCPETOTOUCHHUS M JIOCTABKH TOBAPHON MAacChl MTOTPEOUTEISIM.

Ou BKIIOYaeT B ceOs:

— TOBapHbIE XPaHWIIUIIA;

— MecTa A7l XpaHEHHs1 KOHTEHHEPOB;

— NapKOBKU JJIsl BATOHOB;

— 30HBI TAMOXCHHOT'O KOHTPOJIA;

— Mecta ans paboTel mpencTaBuTeNneld OaHKOBCKMX M CTPAaxOBBIX CTPYKTYP,
TPaHCIIOPTHO-3KCIEAUITMOHHBIX KOMITAHUH;

— OXPaHHBIC NPCATIPUATHSA,
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— KaOHMHETHI U1 IEPCOHANA, KOMHATHI [IEPETOBOPOB C 3aKa3UYMKAMH W TTAPTHEPAMHU.

TepMuHaIbHBIE KOMILIEKCHI CTPOATCS, KaK MPaBUIO, B TPAHCHOPTHO-IOTMCTUYECKHUX
y3/1aX, B MECTax, I7Ie COCOUHAIOTCA (enepanbHble U PETHOHAIBHBIC MaPLIPYTHl ABMKECHHS
Pa3IMYHBIX BUAOB TPAHCIOPTA.

JlaHHbIE KOMILJIEKCHl TpPU3BaHbl O00ECIEYMTh 3allUTy, B TOM 4YHUCIE H OT
TEPPOPUCTUYECKUX YIPO3, CBA3AHHBIX C HE3aKOHHBIM 3aBJaJICHUEM TPaHCIOPTHBIMHU
CpeICTBaMU, X MHHUPOBAaHHEM, PAJUALIMOHHBIM 3apakeHHEM, 3aKJIaJKOM B HUX B3PBIBHBIX
YCTPOWCTB, W T.J. B 3TOH cBs3M, Al oOecredYeHus] TPAaHCIOPTHOH Oe30HmacHOCTH B
HacTosiliee BpeMsi OOBEKTHMBHO HEOOXOIMMO KOMIUIEKCHOE OCHAIIEHHE TEPMUHAJIOB
JIOCMOTPOBBIMM M QHTUTEPPOPUCTHYECKMMHU CHUCTEMaMH, a TaKkKe CpelACcTBaMu
pamuaMoHHOro  KOHTponsA. Jliust  ympaBieHHss 0€30IacHOCTBIO  Tarkke TpeOyercs
000pyOBaTh MIOIIAAKH M AHTapbl XpaHEHHs TPAHCIIOPTa TEXHWYECKHUMHU CPEICTBAMH, K
KOTOPBIM OTHOCSITCS 3JIEKTPOHHAsI CHT'HAIM3aIMs, 000pyIOBaHME JIsi KOHTPOJIS NOCTYIIA,
JIOCMOTPOBBIE KOMIUIEKCBI, CPEJICTBA BHJCOHAONIOACHHS, CHCTEMBI IJIsI ayauo- |
Bupeoukcanui. MOHTaXX JaHHOTO aBTOMAaTU3MPOBAHHOTO 0OOPYAOBAHUS B TPAHCIIOPTHO-
TEPMHHAIBHBIX KOMILIEKCAX MO3BOJIMUT MPEIYNPEAUTh U IPEAOTBPATUTE TEPPOPUCTUUECKUE
aKThl, HECAHKIIMOHUPOBAHHOE NMPOHMKHOBEHHE Ha PEXHUMHBIC WIIM 3aKpBITHIE OOBEKTHI, a
TaKke 00eCIeYUTh MPOTUBOIIOKAPHYIO 3aLIHTY.

IIpu 3TOM, cuCTeMbI 6€30TaCHOCTH TPAHCIIOPTHBIX CPEJCTB MOTYT MIPUMEHATHCA Ul UX
3amuThI 1o noctaHoBieHuto [IpaButensctBa Poccuiickoit @eaeparuu ot 26.09.2016 Ne 969
«O0 yTBepxkIeHUU TPeOOBAaHMH K (HYHKIIMOHAIBHBIM CBOMCTBAM TEXHUYECKUX CPE/ICTB
obecrieueHnsi TpaHCIIOPTHOHW Oe3omacHocTH W [IpaBmi 00s3aTenbHON  cepTU(UKALUH
TEXHUYECKUX CPEACTB OOCCIIEUCHUsI TPaHCIOPTHOW Oe3omacHOCTH» [6], cpoK neicTBhA
KoToporo mpomi€éH mo 1 cenrsops 2026 roga. danee BmioTh 10 1 ceHTs1Ops 2032 roma
OynyT neiictBoBaTh TpeOOBAaHUS, YTBEpP)KICHHBIE MOCTaHOBICHHWEM IIpaBuTenbcTBa
Poccutickoit @eneparm ot 23 mexadps 2025 r. Ne 2107 [7].

OOopyznoBaHHE TpPAHCIIOPTA COBPEMEHHBIMH HMHXEHEPHO-TEXHHYECKHMH CHUCTEMAMH
obecrieueHHs  TPAaHCIOPTHOW  6e30macHOCTH  SIBIAETCS  NPHOPUTETHOM  3amaueit
TOCYJapCTBEHHBIX CTPYKTYpP B LIEJISIX TapaHTHH 3aIUTHI CTPaHHI [8].

CoBepIIIEHCTBOBAaHUE APXUTEKTYPhl HKOHOMHYECKOW O€30MacHOCTH PpPernoHaJbHOM
TPaHCIIOPTHOW MH(QPACTPYKTYPhl B HACTOSIIEE BpPEMs HEBO3MOXKHO 0€3 HCIIOJIb30BaHHS
TaKkoro IUQPPOBOr0 000OpYIOBaHUsS, KaK CHCTEM BHICOHAOJIONCHUS W MOHHTOPHHTA
JBIDKEHHUS, KOHTpPOJISI JOCTyNa M HWHBIX HMH()OPMAIMOHHO-TEJIEKOMMYHUKAIIMOHHBIX
TEXHOJIOTUH, KOTOpblE B TOM YHCJIE€ CHH3ST MOPOT YSA3BUMOCTU TPAHCIOPTHPOBKH
MIAaCCaKUPOB U IPY30B OT CYIIECTBYIOIINX HEIaTHBHBIX (PaKTOPOB.

B-BOCBMBIX, — 3TO YKpeIUIEHHE TPAHCIIOPTHON MHPPACTPYKTYPHI AJIsl TIPOTPECCHBHOTO
MPOABHKEHHSI BHYTPEHHETO TypU3Ma B IpeJeNax KaK OTIENBHO B3STOr0 PETMOHA, TaK U
CTpPaHBI B LIEJIOM, ITOCKOJIbKY UIMEHHO OHa SIBIISIETCSI 0a3MCOM TYPUCTHYECKOH SKOCHUCTEMBI.
Heobxonnmo yxe B Onrkaiiiedl NMepCHeKTHBE YCTPAHHTh OCHOBHBIE MPEMATCTBHA B
TPAaHCTIOPTHOH  TYpUCTHUECKOW JIOTUCTHKE W  JOCTHYHh  OONbIIEH  JOCTYMHOCTH
9KCKYPCHOHHBIX ITYHKTOB Ha3Ha4eHUs. B 3TWX Ienax pemeHusMH JaHHON 3aJadyd MOTYT
OBITh:

— pacIIMpeHHe TapKa  PEeTHOHANBHBIX  ABHALMOHHBIX,  JKEJIE3HOIOPOIKHBIX
MIEPEBO3YHNKOB M CYOCHIMPOBAHNE MECTHBIX PEHCOB TaK Ha3bIBAEMOH «Majoi» aBUAITUU U
MI0€37I0B PUTOPOTHOTO COOOIIECHMS;

— anrpel perHoHaNBHBIX U (PefepanbHBIX AOPOT aBTOMOOHMIBHOTO COOOLICHUS M
MoJU(UKAINS CETH UX IPUTPACCOBOTO 00CITY>KUBAHUS,

— YJNy4lIEeHWE B3aUMOJICHCTBHS OPraHOB TOCYIApPCTBEHHOW BJIACTH U CYOBEKTOB
TPaHCHIOPTHOH OTPaciIu peruoHa.
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3ak/ouenue

Pemenne 0003HA4YEHHBIX BBIIE BOCBMH 3aJad IIO3BOJHT, MO MHEHHIO aBTOPOB,
YBEIMYUTh CKOPOCTh W  KAadeCTBO OOECHEYCHHS SKOHOMHYECKOH OE30MacHOCTH
PETHOHAIBHOTO TPAHCIIOPTHOTO COOOLICHUS M TIOBIWSET C IIO3UTHBHOM CTOPOHBI Ha
3¢ PEKTUBHOCT SKOHOMUYECKHX CBS3€H, Kak BHYTPHUCYOBEKTOBBIX, TaK M Ha (eaepaabHOM
YPOBHE, U MOJIBUXKHOCTb HACETICHUS PErHOHA.

Kpome Toro, HaxoxaeHUe BapHaHTOB pEIICHUIl MO NPOTUBOAEHCTBHIO COBPEMEHHBIM
9JIeMEeHTaM  TypOyJEHTHOCTH  CTHMYJHMPYET  BBISBICHHE  PE3€PBOB  IOBBILICHUS
(G (QEKTUBHOCTH  CYIIECTBYIOIIEH CTPYKTYphl PpETHOHAJBbHBIX IEPEBO30K, YIYUIIHUT
(MHAHCOBBIE TOKa3aTeNW W IOMOXKET B NPUHATHH apryMEHTHPOBAHHBIX W B3BELICHHBIX
YIPaBICHYECKUX PEIICHHH B paccMaTpHUBacMoOil cdepe SKOHOMHYECKOW NeATEIFHOCTH C
Y4IE6TOM HMEIOIIETOoCs] B CTpaHe AeuImTa KaApoB, KOTOPHIM B OMmkalmme Troapl, Oyaet
TOJIBKO HapacTath U yxe K 2030 rony MOXET COCTaBUTb, 110 PA3JIMYHBIM OLIEHKaM, OT 2 10 4
MHJUIMOHOB YEJOBEK, YTO TMPEICTAaBIACT COOOH CEpbe3HBI BBI3OB JUJISI POCCHHCKON
SKOHOMHMKH B JIOJIFOCPOYHON mepcrneKkTuse [9].

OOecrieueHne  PKOHOMHYECKOH  0€30IAacCHOCTH  OOBEKTOB  aBTOTPAHCIIOPTHOM
UH(PACTPYKTYypHl SBISETCS OCHOBOM TapaHTHHM O€30MacHOCTH PETHOHOB, TOCYAApCTBa,
(GYHIaMEHTOM TOCYAApCTBEHHOH HE3aBHCHMOCTH, YCIOBHEM IPOTPECCUBHOIO COLUAIBHO-
SKOHOMMYECKoro pazsurus [10].
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I'eodkoJ10rnyeckuii aHAJIM3 TEPPUTOPUHN BOAOCOOPHOIO DacceiiHa
pexu Kerapma Ha ocHOBe JJaHAIIA(THOI0 MOAX0/Aa
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AnHoTammsi. B crathe mpencraBieHBl pe3ysbTaThl IEO’KOJIOIMYECKOro — aHau3a
BoZocOopHOro OacceiiHa peku Kerapiia, pacroioXKeHHOrO B JIECOCTEIHOH 30HE
Hwxeroponckoit obnactu (ByTypinuHckuid paiioH) Ha OCHOBe JaHAMWA(THOTO IOAXOAA.
HccnenoBanne OCHOBaHO Ha MaTepHalax TaHHBIX IUCTAHLUMOHHOIO 30HAMPOBAaHHUS U
MOJIEBBIX HCCIIEOBaHUH, OOpPa0OTaHHBIX C IOMOINBI0 TEOMH()OPMAIMOHHONH CHCTEMBI
QuantumGIS. B Xozxe mpoBeleHUs UCCIEAOBaHUS MPUMEHSUINCH METOIBI: JIAHIIIA(THOTO
aHanM3a, JUCTAHIMOHHOTO 30HAUPOBAHMS 3eMIIH, T€OMH()OPMAIHOHHBIHA, YKCIETHIINOHHBI.
Jnst peanu3aryuy NPUHITUIIOB JIAHAMIA(THOTO MOAXO0AA Ul N3ydaeeeMO TeppuTopun OblTa
paspaboraHa naHgmadTHAs KapTa, BBINOJIHEHHAss HAa YPOBHE YPOUHIL. YCTAaHOBJIEHA
BBICOKAsl CTENeHb AHTPOIOICHHOTO BO3JICHCTBUS Ha JAHAMWA(TH JIECOCTEITHOH 30HEI
Hwxeropoackoit 00macTé, TNPOSIBISIIONIYIOCS B HWHTEHCUBHOM — CENIbCKOXO3SHCTBEHHOI
OCBOGHHOCTH (B 4yacTHOCTH, B OacceiiHe p. Kerapmia pacnaxannocts pocturaer 48,1%) u
KPUTHYECKOM COCTOSIHUM THAporpaduveckoil ceTH, BKIOYas moTepro pekxoir Kerapma
mocTtosHHOTO ctoka K 2025 romy. C mpuMeHEHHWEM METOIUKH aTaNTHBHOW OHEHKH W
yIpaBiieHHus OKpyxatomeii cpenoit (AEAM) npoBesieHa OIleHKa BO3ACHCTBUS Ha OTAEIbHBIC
KOMIOHEHTHl JaHqmadra (JUTOTEHHYIO OCHOBY, penbed, THIPOCETb, IOYBEHHBIH W
pacTUTEIbHBINA IOKPOB U JIp.), YTO MO3BOJIMIIO BBIACIUTh Haubosiee ysa3BUMbIE U CTaOUIIbHBIE
naHamagTHeE  KOMIUIGKCBI HAa  ypPOBHE  ypO4YHMILN.  YCTAaHOBJICHA  3HAYMTENbHAs
MNpPOCTPAaHCTBEHHAsA HCOAHOPOIHOCTH yCTOﬁqHBOCTM J'laH}lLLIad)TOB K aHTPOIOr¢HHBIM
Harpyskam, UMeromas BIpaXXCHHOE TATOTEHUE K I'PaHUIaM YPOUMILL.

KiroueBble €jI10Ba: re0dKOJIOTHIECKAS OLICHKA, aHTPOIIOT€HHOC BO3II€I710TBPI€, MaJibI€ PEKHU,

JIECOCTENHAs 30Ha, pallHOHAIBEHOE MIPUPOJIOIIOIB30BaHUEe, BOXOCOOPHEIH OaccelH, CTpyKTypa
3eMJICTIONb30BAHUSL.
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Abstract. The article presents the results of a geoecological analysis of the catchment area of
the Ketarsha River, located in the forest-steppe zone of the Nizhny Novgorod region
(Buturlinsky district), based on a landscape approach. The research is based on remote
sensing and field research data, processed using the QuantumGIS geoinformation system.
During the research, the following methods were used: landscape analysis, remote sensing of
the Earth, geoinformation, and expeditionary. To implement the principles of the landscape
approach for the researched territory, a landscape map was developed at the level of the
tracts. A high degree of anthropogenic impact on the landscapes of the forest-steppe zone of
the Nizhny Novgorod region has been established, manifested in intensive agricultural
development (in particular, in the basin of the Ketarsha River, tillage reaches 48.1%) and the
critical condition of the hydrographic network, including the loss of permanent runoff by the
Ketarsha River by 2025. Using the adaptive assessment and environmental management
(AEAM) methodology, an assessment of the impact on individual landscape components
(lithogenic base, relief, hydro grid, soil and vegetation cover, etc.) was carried out, which
made it possible to identify the most vulnerable and stable landscape complexes at the tract
level. A significant spatial heterogeneity in the stability of landscapes to anthropogenic loads
has been established, which has a pronounced attraction to the boundaries of tracts.

Keywords: geo-ecological assessment, anthropogenic impact, small rivers, forest-steppe
zone, rational nature management, drainage basin, and land use structure.

BBenenne

B ycioBusx cymecTByromel conuaabHO-’KOHOMUYECKOH (hopMaliu, e OCHOBHON
3ajadell  3eMJICTIONb30BATEeH SBIACTCS M3BJIICUCHHE HKOHOMHYECKOW BBITOABI U3
TEPPUTOPHH, BOIIPOCHI PALMOHAIBHOTO HMPUPO/IONOIB30BAHUS U YCTOMYMBOTO PAa3BUTHS HE
MTOTHUMAIOTCS B JOJDKHON Mepe. BomocOopHbIit OacceiitH peku Ketapra, pacroioskeHHBII
B JecocTenHoil 30He Hmxeroposnckoit obmactu B ByTypiamHCKOM paiioHE, OTHOCHTCS K
30HaM MHTEHCHBHOTO CEIHCKOXO3IHCTBEHHOTO OCBOCHHUSA. B CBSA3M ¢ 3THM OOHApyKMBaeTCs
ocTpast HEOOXOAWMOCTP B TPOBEICHHH T'€0’KOJOTHYECKOW OIIEHKH aHTPOIOTEHHOTO
BO3ZICWCTBUS HAa KOMIIOHEHTHI JaHAmA(Ta, KOTOpas B IEPCIEKTHBE IO3BOJIUT BBIIBUTH
CTETIeHb BIMSHHS aKTHBHOTO 3€MJICTIONB30BAHUS U Pa3paboTaTh MEPHI M0 BOCCTAHOBIICHHIO
U COXPaHEHUIO HCCIeyeMO TEPPUTOPHH.

Tepputopust BogocOopHoro oOacceliHa peku Kerapma HCHBITBIBaET 3HaYMTEIHLHOE
AHTPOIIOTCHHOE JaBJICHUE, MPOSIBISIONICECS] B MHTCHCUBHOM pacramke 3eMeib (CpeHsis
pacnaxaHHOCTh cocTaBisgeT 48,1%) U cokpallleHUH JIECHBIX MAacCHBOB, YTO IPHBEIO K
KPUTHYECKOM cuUTyanuu: mo cocrosHuio Ha 2025 rog pexa Kerapma B nepuoj netHei
MEXKEHU TepsieT IOCTOSHHBIN CTOK U NEPEXOAUT B KATETOPHUIO BPEMEHHBIX BOJAOTOKOB.

[Ipobmemy  HEpaBHOMEPHOIO  TOAOBOTO  CTOKa  peKM  NOpUAaET  BBICOKas
3aKapCTOBAHHOCTh TEPPUTOPHU OacceifHa, KOTOpask MOXET YCKOPHUTH JETrpajalliio PeIHOH
CeTH.
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Takum 00pazoM, OTCYTCTBHE T€OIKOJIOTHIECKOH OIEHKH BOOCOOpHOTO OacceiiHa pekn
Kerapma  sBmsercs  cymecTBeHHOH — TpoOJeMo#, MpemsATCTIBYIOMEH  pa3paboTke
3G PEKTUBHBIX MEp MO COXPAaHEHHIO M BOCCTAHOBIICHHWIO MAJIBIX PEK JIECOCTEITHOHN 30HBI
Hmxeropoackoit obmactu.

MarepuaJjibl 1 MeTOABI

L]eny — POU3BECTH TEOIKOJIOTUYECKYIO OLIEHKY TEPPUTOPUH BOAOCOOpHOTO OacceiiHa
peku Kerapma.

Obwvexm ucciedosanusi — TEPPUTOPHS BOI0cOOpHOTo Oacceiina pexu Kerapia.

IIpeomem uccredoeanus — TEOIKOIOTUUECKUH aHAIN3 TEPPUTOPHH.

3aoauu uccneoosanus:
ITpoananu3upoBaTh TEOPETUIECKYIO JIUTEPATYPY MO MPOOIIEME UCCIEAOBAHNS,;
N3yunts maHAmadTHYIO CTPYKTYpy TEPPHTOPHU BoocOopHOTo Oacceiina peku Keraprra n
CTPYKTYPY 3€MJICIIOIb30BaHNS;
BEIMOTHATS  TE€OIKOJOTMYECKUH  aHaJlM3  HCCIEAyeMOH TEppUTOpHH HAa  OCHOBE
nmasamadTHOTO MoaXo0aa.

Memoovl uccrnedosanus: ommcaTeNbHBINA, KapTorpaduueckuii, [MC-ananms, anamms
JUTEPATYPhl, SKCIETUINOHHBIHN, AUCTAHIIMOHHBIX UCCIEJOBAaHHUH, JaHAIIA()THOTO aHANN3a,
reorpauuecKoro paiOHHUPOBaAHHMSI.

Pe3yabTaTsl

Bomocbopusiii  Oacceitn peku Kerapiia pacmonoxken Ha ceBepe [IpuBOIKCKOM
BO3BBIIICHHOCTH B IOr0-BOCTOYHON uacth Hipkeropojackoil obigacTh B CEBEpHOW 4YacTH
BO3BBIIICHHOCTH MeknbsHbe. bonbmas d9acTe HcclIeqyeMOH TeppuTOpUH JIEKHT B
npenenax bByTypiaMHCKOrO MyHHIMIIAIBHOTO OKpyra, OCTajlbHas — B Ipexenax
IlepeBo3sckoro okpyra. ILnomans Bogoc6opHOro dacceiia cocraBuseT 187 km?.

JodeTBepTnyuHbIe 00pa3oBaHMS B TIpelefiax H3y4aeMOH TEpPPUTOPHH HPEICTABICHBI
OTJIIOKEHHUSAMH ITPEUMYILECTBEHHO MEPMCKOM CHUCTEMBI (TJIMHBI, aJeBPOJINTHI, ApPTHIUTUTEHL,
Mepreny, MecKH, TMICHI, M3BecTHAKM). Ha 3amamHoi, 10KHOW M BOCTOUHOH mepudepun
Bo1I0cOOpHOTO OacceifHa pacnpoCTpaHEHBI OTJIOKEHHS IOPCKOW CHUCTEMBI (TJIMHBI, MECKH,
Meprenu, TJIMHBI KapOOHATHBIE, TTMHHUCTBIE CIAHIBI), Ha IOTe JIOKAJbHO BCTPEYAIOTCS
OTJIOXKEHUSI MEJIOBOM CHCTEMBI (TJIMHBI, TECYaHble TIIWHBI, TIecKu) [1].

Ha Oombiieit 49acTu uccieoyeMoil TEppUTOPHUHM YETBEPTUYHBIE 00pa3oBaHUS
MIPEJCTABIICHbI CpelHEe-BePXHEUETBEPTUUHBIMU U COBPEMEHHBIMH OTJIOKEHUAMHU KOMITIIEKCa
OOBEIMHEHHBIX OTJIOXKEHUH TNEPHUINIALUANBHBIX 30H JHEMPOBCKOTO, MOCKOBCKOTO U
KaJIMHUHCKOTO OJIEICHEHUH, 3IIIOBHAIbHO-ACTIOBHAIBHBIX 00pa3oBaHMi BOJOPA3EIIoB,
JIENTIOBHAIbHO-CONMN(UIIOKIIMOHHBIX 00pa30BaHUil CKIOHOB M aJUTIOBHAJIbHO-JIENTIOBHATIBHBIX
BBINIOJTHEHUH JpeBHHX Oasok. B mpenemax moiM pek 0OHApYKHMBAIOTCS COBPEMEHHBIE
AJUTFOBHAJIbHBIC OTJIOKEHUS [2].

Kapcroas nanpsixeHHOCTE TeppuTOopuH cocTasisier 0,125 kapcTOBOM eAMHULIBI Ha KM?,
IIpY 3TOM HauboJiee aKTHBHO KapCTOBBIE MPOIIECCH MPOTEKAIOT HA CKIIOHAX PEYHOH JIOIMHBI
u Ha oime [3].

Tepputopust BomocbopHoro OacceriHa peku Kerapima nMeeT XOJIMHCTO-YBAJTUCTBIN
penbed, CHIILHO PAcUICHEHHBIN OBPaKHO-0AIOYHOM CETHIO, YTO XapaKTEPHO IS CEBEPHBIX
oTporoB  I[IpMBODKCKOW  BO3BBIMICHHOCTH; KpPOME TOTO, XapaKTepHO  IIMPOKOE
pacmpocTpaHeHHe KapcTOBBIX (opMm penbeda. AMIDIUTYZa BBICOT B Mpenenax
BoIocOOpHOTO OacceitHa cocTaBnsieT 141 M.

Hccnenyemast TeppuTopHs JIEXKUT B 00JIACTH YMEPEHHO-KOHTHHEHTAJILHOTO KIIMMAaTa.

[lo nmaHHBIM CepBHMCOB MOHHUTOPHMHIA KadyecTBa BO3Jyxa, Ha Hos0pp 2025 roma B
ByTypnuHO MHAEKC KauecTBa BO3AyXa COCTaBIseT 24 [4], 4TO COOTBETCTBYET KaTErOpUHU
«xopomee». byTypnuHCkuil palioH, B TpeAenax KOTOPOro JEXHT OCHOBHas 4acTh
BoJlocOopHOTO OacceiiHa pexn Kerapiia, He BXOAMT B YUCIIO TEPPUTOPHH, TJ€ TIPOBOIUTCS
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PETYIApPHBIA CTallMOHApHBI MOHHUTOPHHI 3arpsA3HEHHA aTMOC(EpPHOTO BO3AyXa, 4TO
3aTpygHSAET NMody4eHHe opuIHanbHbIX AaHHBIX 10 I1JIK KOHKpeTHBIX BemecTs.

Tunporpadugeckas cers BomocOopHOTo OacceifHa pexn Keraprma BKIIOYaeT pekw,
NpyAbl, POAHWKA ¥ HeOompmme ydacTkd Oomor B mpemenax morMm. CymmapHas
IPOTSLKEHHOCTH PyclIoBOi ceTu coctaisteT 119,58 km. Peka Kerapia HblHe npeacraBisier
€000l BpeMEHHBIH BOJIOTOK, B 2025 ro/ly B EpHO/I BECEHHETO MOJIOBOABSI CTOK COXPaHHJIICS
JHUIIb B BEPXHEM TEUCHHWH, B MEPHOJ JIETHHH MEXEHH CTOK OTCYTCTBOBAJI Ha BCEM
npoTsbkeHHMH peku. O3€pHast ceTb MpeACcTaBIeHAa KapCTOBBIMM 0O3EpaMM, AUCIIEPCHO
pacrpocTpaHéHHBIMM 1O BCEH TeppUTOpHM BOjocOOpHOro OacceliHa, M 03Epamu-
cTapuiamMu. bosjoTa BcTpeuaroTcs peako W 0o0pa3oBaHBI B pe3yibTaTe 3apacTaHusl 03€p-
crapuil. lllnpokoe pa3BUTHE KapCTOBBIX MPOIECCOB HA U3yIaeMOH TEPPUTOPUH OKa3bIBACT
CYIIIECTBEHHOE BJIMSHUE HA MOBEPXHOCTHBIA CTOK: B MEPHUOJ BECEHHETO MoJoBOABS 2025
rojJia aBTOpaMHu ObLTa 0OHapy)keHa 00JIacTh KapCTOBOTO IEepexBara [5] B BEepXHEM TCUCHHH
pexu Kerapia.

ITouyBenHsIif mokpoB BomocOopHOTO OacceitHa pexu Kerapmia mpencraBieH cepbIMU
JIECHBIMM TOYBaMH W UYEpHO3EMAaMH, IIOYBAMH OBPa)XKHO-0AJOYHOTO KOMIUIEKCA H
ALTIOBHAJIBHO-IEPHOBBIMU IT0YBAMHU Ha OWMaxX pekK.

PacTuTenbHBI MOKPOB CHJIBHO TpPaHC(HOPMHPOBAH YEIOBEKOM: B €ro CTPYKType
JOMUHHUPYIOT KYyJIbTYPLIEHO3BI IIOJIEH, a JIECHbIE MAacCHBBI COXPAaHWJINCH JIOKAJbHO B
npezaenax nepupepuifHbIX BOJOPA3JENOB M IpPEACTaBleHbl AyOpaBaMM M OCHHHHKaMHU.
Brons pycen pek pacmpocTpaHeHBI MONMEHHBIC pacTHTEIbHBIC coodiiecTBa. JlecucTocTh
TeppuTopuu coctasisieT 13,7% [6].

B cucreme ¢usuko-reorpaguueckoro paioHHPOBaHUS TEPPUTOPHUS BOLOCOOPHOTO
Oacceiina peknu KeTapia mosHOCTBIO JIEKHT B TIPEeax JIECOCTENHOM 30HbI, [IprBoIKCKOM
nmaramadTHON npoBHHINH, B LleHTpamsHOM ocTemmHEHHOM patione (o ©@.M. bakanuHnoii). B
MaHMMAa@THOW CTPYKType IOMUHHPYIOT arpoiangmadTsel [7]. Onmpasch Ha JaHHBIC
MOJIEBBIX HCCIENOBaHWH W (DOHIOBBIX JAHHBIX, OblIa YCTaHOBJIEHA JaHAMIA(THAs
CTPYKTYpa UCCIeAyeMOoil TeppUTOpHUH Ha ypoBHE ypouwm] (Tadm. 1, puc. 1).

Tabauya 1

JlanaqmagTHasi CTPYKTYpa BogocoopHOro dacceiina pexu Kerapuia Ha ypoBHe ypouuy

3onHa
JlecoctenHast

IIpoBuHIUS
IIpuBomkckas
Paiion
LleHTpasabHbI OCTEHEHHBIA
Ypouuie:

1. Ioiima cyxoro pyubs IIOA UBHIKOM pyJepalbHO-TPaBHBIM Ha aJUTIOBUAJIbHO-AEPHOBBIX II0YBAX
2. [110CKOBOJHHCTAS IOHMa CPeTHEH PEKH IO JIyTOM 0€30CTOKOCTPEIIOBBIM Ha aJUTIOBHAIBHO-
JIEPHOBBIX MOYBAX
3. [IpuAOTMHHBIN CKIIOH MaOi peKH MO KyJIbTYPLEHO3aMH TIOJIeH 1 JIyraMH Ha CEPBIX JECHBIX
MoYBax
4. IIpuBoOpa3iesbHBII CKIOH 110l BOCCTAHOBJIEHHEM JIyra Ha3eMHOBEHHHKOTO C JUCIEPCHBIM
BOCCTaHOBJICHHEM Oepe3bl MOBHCIION Ha CEPhIX-IECHBIX MOYBaX
5. Ilnakop moJ KyJIbTypLIEHO3aMH ITOJIeH M TyraMH Ha CephIX JIECHBIX OYBAX
6. HnaKop non ﬂyGHﬂKOM JIMITHAAKOBBIM BOJIOCHUCTOOCOKOBBIM Ha CEPBIX-JICCHBIX MMOYBax
7. IImakop 1o BOCCTAaHOBIIEHHEM JIyTa JEIIHHOBOTO BOJIOCHUCTOTO B OCHHHHKE Ha CEPBIX JIECHBIX
MoYBax
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YcnoeHble 0603HaueHus

[ rpannua soaocGopHoro Gacceita p. Ketapia
—— Peku

Il Ozépa

—— bonora

Ypoumwa
B 1. MoiiMa cyxoro pyuba Noa
MBHSKOM PYAEPaNbHO-TPABHbIM
Ha annioBManbHO-AEPHOBLIX NOYBAX
Il 2. MNOCKOBONHMCTAR NOWMA CPEAHEN PEeKU
NOA NYroM He30CTOKOCTPEL0BLIM
Ha annioBManbHO-AEPHOBLIX NOYBAX
3. MPUAONUHHBIF CKNOH Manoi peku
oA KynbTypLEHo3aMK nonei
M NYram1 Ha CepblxX NECHBIX MoYBax
I 4. TIPUBOAOPA3AELHLINA CKNOH NOA
BOCCTAHC nyra HHUKOrO
C AMCNEPCHBIM BOCCTAHOB/IEHNEM
Hepe3sl NoBUCNOMH
Ha CepbIX-NIECHBIX MOYBaX
B 5. Mnakop Noa KyNLTYPUEHO3aMH noneid
M NYraM1 Ha CepbIX NECHBIX MoYBax
6. Mnakop Nog AYEGHAKOM NUMHAKOBLIM
BOMOCUCTOOCOKOBBIM Ha CEpbIX-ECHBIX NOYBaX
B 7. Nnakop Nog BOCCTaHOBNEHWEM
NYra NewMHoBOro BONOCUCTOrO
B OCMHHMKE Ha CepbiX IECHBIX MOYBaX

Puc. 1. JlanamadtHas nuddepeHnmanus TeppuToprur BotocoopHoro dacceiina peku Kerapina Ha
YPOBHE YPOUHIIL

[ayee ObuIa HCCleOBaHA CTPYKTYpa 3eMJICHIONB30BAHUS H3Y9aeMOi TEPPUTOPHH (pHLC.
2).

YcnoBHble 0603HaueHus

] rpanuua BopocGoproro bacceiina p. Ketapwa
® AOMWHUCTPATMBHLIA LUEHTP paioHa

— Pexu

I Osépa

— bonota

Tunbl 3eMNEN0ONL30BaHKA Ha TEPPUTOPKH

c b

I BoccraHasnuBaIOLMACA Nec
anexs

111l nec
Nyr

B NawHu

I 3eMnu HaCeNeHHBIX MYHKTOB

2.5 0 2.5 5 7.5 kM
D e e e—

Puc. 2. Tuns! 3emienonb30BaHus TEPPUTOPHUH BogocOopHOTO Oacceitna pexn Kerapma
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OCHOBHBIM THIIOM 3EMJICTIONIF30BAHUS Ha TEPPUTOPHU BOmocOOpHOTrO OacceifHa
ABISAIOTCA MamHy. C MOMOIIBI0 HHCTPYMEHTOB I'eOMH(OPMAIIMOHHOTO aHalM3a CPeIn HUX
ObUTH BBIACTICHBI CTAOMIM3HPYIONINEe KOMIIOHCHTHI JIaHAMAPTa U NeCTa0MIU3UPYIOIINE H
paccuuTaHBI UX IUIOMAAHBIC U MIPOLIEHTHBIE 3HAaUeHus. (Tadum. 2, 3).

Tabauya 2

ITnomagHbIe HOKa3aTe I OCHOBHBIX KOMIIOHEHTOB JaHAadTa TEPPUTOPHH BOIOCOOPHOTO
Dacceiina pexu Kerapma

Ne IInomane [Tnomans cTabMIM3UPYIOIUX KOMIIOHEHTOB IIomans
ypouuIy | ypodwiia naHAmadToB, KM JIeCTaOMITH3UPYIOIIIUX
a , KM? KOMIIOHCHTOB
naHamadToB, KM>
Jleca | BoccranasnuBarommec | Jlyra | 3anex | Ilamn 3emin
s j1eca u u HaCeIEHHBI
X IYHKTOB
1 10 1,38 - 7,29 0,36 0,64 0,39
2 0,78 0,04 - 0,74 - - 0,004
3 50,38 1,61 0,02 10,3 3,45 32,28 2,69
4
4 64,77 4,97 0,01 19,0 4,26 32,46 3,98
9
5 47,78 2,72 0,1 13,2 5,9 25,41 0,35
9
6 13,92 13,9 - - - - -
2
7 2,19 2,19 - - - - -
Tabnuya 3

IIomanHbIe MOKa3aTe N CTAOMIN3NPYIOLINX U AeCTAOMIM3HPYIOMIHX KOMIIOHEHTOB YPOYMIIY
BoocOopHOro dacceiina pexu Kerapma

Ne [Tnomane cTabMIM3UPYIOUINX KOMIIOHEHTOB ITnomane necra- Hroro Hroro
ypo- naHamadTos, % OMITM3HUPYIOIINX cTabu- | mectabu
YHIIL KOMITOHEHTOB THU3UPYIO TH-

a nanamagTos, % mux, % | 3upyio-
Jle- | BoccranaBnuatomu | Jlyra | 3anex | [lamm 3emmn mux, %
ca ecs jeca b A HaceIEHHBI
X IIYHKTOB
1 13, - 72,9 3,6 6,4 3,9 90,3 10,3
8
2 5,1 - 94,8 - - 0,51 100 0,51
3 7
3 32 0,04 20,5 6,85 64,07 5,34 30,61 69,41
2
4 7,6 0,02 29.4 6,58 50,12 6,14 43,74 56,26
7 7
5 5,6 0,21 27,8 | 12,35 | 53,18 0,73 46,06 53,91
9 1
6 100 - - - - - 100 -
7 100 - - - - - 100 -
ITonyyeHHble JaHHBIE TIOKA3bIBAIOT, YTO 3HAYUTENIbHBIE IUIOHIAAM HEKOTOPBIX
Tepputopuii  (HampuMep, YpOYMIAa CKIOHOB) BOJOCOOpHOTO OacceliHa 3aHUMArOT

JeCTaOMIM3UPYIONe KOMIIOHEHTH, a TEPPUTOPHM HEKOTOPHIX YpOuHWIl (IJIaKop MOJ
JQyOHSIKOM JIMITHSIKOBBIM BOJIOCHCTOOCOKOBBIM HA CEpBIX JIECHBIX IMOYBAX M IUIAKOP IO
BOCCTAHOBJICHHEM JIyTa JICHLIMHOBOTO BOJOCHCTOTO B OCHHHUKE HA CEPBIX JIECHBIX MOYBAX )
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JECTa0MIU3NPYIOMNX KOMITIOHEHTOB JIMIIEHBI BOBCE. OJTO OTpPakaeT BBIPAXKEHHYIO
MIPOCTPAHCTBEHHYI0 HEPaBHOMEPHOCTH AHTPOIIOTEHHOTO BO3JCHCTBUSA HAa HCCIEIyEMYIO
TEPPUTOPHIO.

Ha ocHOBe moiydeHHBIX pe3yibTaTOB OBIIa NPOW3BEACHA OICHKA AHTPOIIOTCHHOTO
BO3/ICHCTBUSL Ha COCTaBJIAIONIME KOMIIOHEHTHI JaHMmadTa 110 METOIUKE «aIarTHBHOW
oueHkH u ynpasienus» (Adaptive Environmental Assessment and Management — AEAM),
npepioxkeHHoi K. Xomnmuarowm [8, 9]. Beuin olleHeHBI CleAyIOINEe 0OBEKTHI BO3ACHCTBHS:
JIuToreHHas OCHOBa;

Penbed;
ATMmocdepHBIi BO3IYX;
T'unporpadudeckast ceTp;
IlouBeHHBIN OKPOB;

e  PacTUTENnbHBIN OKPOB;

e  (DayHUCTHYECKHN KOMIUIEKC.

OmeHka KaXAOTO  BBACICHHOTO  ypOUYHMINA TPOM3BOIMIACE MO  KPUTCPHAM
JUINTEIBHOCTH, MaciiTaba aHTPONOr€HHOTO BO3/ICHCTBYSI U CTENEHH HapylieHHs o0bekTa. B
Tab1. 4 IpUBEAEH PUMEP BBHITIOIHEHHUS OLICHKH OJIHOTO M3 YPOUHIIL.

Ha ocHOBe aHanM3a NPOCTPAaHCTBEHHBIX JaHHBIX O CTPYKTYpe M Xapaxrepe
3eMJICTIONIb30BAHUSI B TPAHUIAX YPOYMIL OBUI pPacCUMTaH WHTErpajibHBIA IOKa3aTeib
aHTPOMOTEHHOTO BO3JICHCTBUS Ha KaXk10e ypouwuiie (puc. 3).

Tabauya 4

Onenka AHTPOIIOr€HHOT'0 BO3I[eﬁCTBﬂSI Ha TEPPUTOPUIO MOMBI CyXO0ro py4bs nmox UBHSIKOM
PYAEPATBbHO-TPABHBIM Ha AJVINBHAJIBHO-ACPHOBBIX MOYBaX

OOBbeKT Macirad JInmuTenbHOCTh CreneHb 3akiroueHue
BO3JICHCTBUS HapyIICHUS HapyIICHUS HapyLICHUS
JIuTorennas JlokaneHoe | JlonroBpeMeHHOE YMmepenHas

OCHOBa

Penbed JlokaneHoe | JlonaroBpeMeHHOE YMmepeHHast

ATtMmocdepHBIit JlokansHoe | JloaroBpemeHHoe | HesHaunTenbHas

BO3YyX

Tunporpaduueckast | JlokanpHoe | JlonroBpemeHHOE YMmepenHas
ceTh
ITouBenHsbIit JloxaneHoe | JonroBpeMeHHOE YMmepenHas
IOKPOB
PacTturenbHblit JlokaneHoe | JlodaroBpemeHHOE YMmepeHHast
MIOKPOB
DayHUCTHUECKU I JlokaneHoe | JlonroBpeMeHHOE YMmepenHas
KOMILIEKC

181



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

YcnoeHble 0603HaYeHus

[ rpanmua sonoc6opHoro 6acceiiHa p. Ketapwa
—— Pexn
M Oz¢épa
— bonota
BosaeicTeue Ha KOMNOHEHTLI NaHawadTa
B HecywecrseHHoe
YMmepeHHoe
B CyuwecTseHtoe

Ypounwa
1. MoliMa CyxOro pyubs noa
MBHAKOM PY/IEpanbHO-TPaBHBIM
Ha annoBHanbHO-AEPHOBLIX NOHBaX
2. MNOCKOBONHUCTAA NOIMA CPEAHEN PEKH
noa NyroM Ge30CTOKOCTPELIOBbIM
Ha annioBHanbHO-AEPHOBBIX MOYBaX
3. MNPHUACAKHHBIA CKNOH MaNoWk pexkk
NoJ KyNbTYpPLEHO3aMK nonei
W JyraMu Ha CepbIX NIECHBIX MOYBaX
4. MpuBoaopasaensHbIi CKNOH noa
KyNbTYpUEHO3aMK nonei u
BOCCTAHOB/IEHWEM N1YTa HA3eMHOBEHHUKOrO
€ AMCNEPCHBIM BOCCTAHOBNEHMEM
Gepesbi NOBUCNOH
Ha CepBIX-NECHBIX NOYBAX
5. Mnakop noA KyneTypUEHO3aMKM nonen
W NyraMu Ha CepbixX NEcHbIX No4YBax
6. Mnaxkop noA AYBHAKOM NUNHAKOBLIM
BO/IOCHCTOOCOKOBBIM Ha CEPbIX-NECHBIX NOYBAX
7. Mnaxkop noA BOCCTAHOBNEHMEM
Nyra NewmuHOBOro BONOCHCTOrO
B OCMHHMKE Ha CepbIX NECHbIX NouBax

Puc. 3. 'eoskonoruyeckas OleHKa €CTECTBEHHOH 3alMIIEHHOCTH TEPPUTOPUH BOJZOCOOPHOTO
Gacceitna pexn Kerapma

Oobcyxnenue

IIpoBeaéHHOE HCCACIOBAHUE TEPPUTOPHH BOIOCOOpHOro OacceitHa peku Ketapiia
BBISIBUJIO BBIPAXKCHHYIO 3aBUCUMOCTb CTEIICHU BIIMSHUS AHTPOIIONEHHONM HAarpy3ku Ha
TEPPUTOPHUIO OT JaHAA(THOM CTPYKTYpBI TeppuTOpuu. [IpocTpaHCTBEHHbII aHAIN3 THUIIOB
3€MJICIIOJIb30BAaHUs TI03BOJIWI YCTAaHOBUTH BBICOKYIO CTENEHb PAaCHaXaHHOCTH TEPPUTOPUHU
(41,8%) mnpm BBIpaXEHHOM HEPABHOMEPHOCTH JTOTO TIOKas3aTessi MEXIY pPasHBIMHU
YpOUHIIaMHU.

HanGomnpireii ycTOHYMBOCTBIO XapaKTEPHU3YIOTCS YpPOUMIIA: IUIAKOP IOJ JYOHSKOM
JIUTMHSAKOBBIM BOJIOCUCTOOCOKOBBIM M IUIAKOP TOJ BOCCTAHOBJIEHUEM Jyra JEHUHOBOTO B
OCHHHUKE, TJe JI0JIsl CTaOMIM3HUPYIONNX KOMITOHeHTOB jpocturaer 100%. B To ke Bpems
OPUIOIVHHBIA CKIIOH MallOdW pEeKH W MPHUBOAOPA3JIENBHBIA CKIOH XapaKTEePU3YIOTCS
npeoOiialaHieM JIeCTa0MIN3UPYIONIMX KOMIIOHEHTOB, YTO YKa3bIBaeT Ha BBICOKYIO CTENICHb
HapyuleHus. MPUPOJHBIX KOMIUIEKCOB. Ilmakop mox KyJbTypLEHO3aMU HECMOTps Ha
BBICOKYIO JIOJIO JeCTaOMIM3UPYIOIIMX KOMIIOHEHTOB JaHImadTa MOoKa3al YMEPEHHYIO
CTENEHb BO3/ICUCTBHUS 110 PE3yJIbTaTaM UHTETPAIbHOM OLICHKU.

3akjouenue

Pe3ynbTaThl IpOBEIEHHOTO HCCIENOBaHUS BoxocOopHOro OacceifHa peku Keraprma
TIO3BOJISIIOT  YTBEPKAATh, YTO TEPPUTOPHS HAXOAMTCS B COCTOSHHM 3KOJOTHYECKOTO
KpHu3uca, OOYCIIOBJIEHHOTO HHTEHCHBHOM  CEIIbCKOXO3SIICTBEHHOH  JKCIUTyaTallMeH.
JlangmadrHas cTpykTypa O6acceliHa xapakTepu3yercs JOMHHHUPOBAaHHEM arpojianamadros
IIPU KpaiHe HU3KOU JIECUCTOCTH.

BrlsBiieHa  BBIpakeHHAs —JIETCPMHUHHPOBAHHOCTh  COCTOSHHS — JIAaHAMA(PTOB WX
MOP(hOIUTOTEHHBIMH ¥ TIOYBEHHBIMH OCOOEHHOCTSIMH: Ha BOJIOpa3feiiax COXPaHIINCH
OTHOCHUTEIIbHO YCTOWYHBBIC JIECHBIE MACCHBBI, TOTJa KaK CKJIOHOBBIE W JIOJHMHHEBIE
KOMIIIEKCHI TIOJIBEPIIIUCh MAaKCUMAIIFHON aHTPOIIOTEHHOM TpaHC(hOpManyy.
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KpuTtndeckoe  COCTOSIHUE — THAPOJIOTHYECKOTO — pEeXHMMa,  IposBISIomeecs B
HCYE3HOBCHUH IIOCTOSIHHOTO CcToKa peku Kerapma B JseTHud mnepuon, Ttpebyer
HEMEIUICHHOTO MPHUHATHA MeEp N0 COXPaHCHHWIO W BOCCTAHOBJICHHUIO BOJOCOOPHOTO
Oacceitna. Oco0oe BHUMaHHE CJIEOyeT YAEINTb KapCTOBO-OMACHBIM TEPPHUTOPHUSAM, TIE
WHTEHCHBHAs paclallka YCKOpPSeT MPOLEcChl Nerpajalnuy peiabeda W IMOBEPXHOCTHOTO
croka [10, 11].

Bbaaronapnocru

HccnenoBanue BBIIOJHEHO B paMKax peajiM3alud rpanra Pycckoro reorpaduueckoro
obmectBa, poroBop 06/2025-P ot 04.0.2025 "Oxcnemuuums "IlnaByumit yHUBEpcHTET
Bomxkckoro Oacceitna".
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Annorammsi. Hané&xHoe ruaposornueckoe IPOTHO3MPOBAaHHE SIBISIETCS KPHUTHYECKH
BO)XHBIM JJIEMEHTOM JUIsi OOecredeHust Oe30IIacCHOCTH MopeIUIaBaHust U 3((EeKTUBHOCTH
paboTHl BOJHOTO TpPAHCIOPTa B YCIOBHSX POCTa YacTOTHl W HWHTEHCHBHOCTH OITACHBIX
THAPOJIOTHYECKUX SIBICHUH. B crarhe NpOBeNEH aHANU3 TEKYIIEro COCTOSHHS CHCTEMBI
THAPOJIOTHYECKOTO MPOrHO3MPOBaHUs Pocruipomera ¢ TOYKM 3peHHs 3a1ad CyIOXOJCTBA.
BBIsSBICHBI KIIIOYEBBIC NPOOJIEMBI, OIpaHMYMBAIONIME €€ MOTCHLIHAN: TEXHOJIOTHYECKOe
oTcTaBaHue, NEeGHUIMT [aHHBIX B pEaJbHOM BPEMEHH, HENOCTATOYHAs JCTaTIH3alUs
IIPOTHO30B IS aKBAaTOPHMH MOPTOB M BHYTPEHHUX BOJHBIX IyTedl. Ha ocHoBe cmcteMHOTrO
noaxona copMyIMpOBaHbI CTpAaTErHYecKre HampasieHus pa3Butus 10 2035 roxa, Bkirodas
mdpoBu3anyoo, BHEAPEHHE aHCAMOJEBBIX M  BEPOSTHOCTHBIX METOJOB, pa3BHUTHE
HaOJIOAATENbHON CeTH M CIELMaIM3UPOBAHHBIX CEPBUCOB NI TPAHCIOPTHOH OTPaciH.
ITpesioKeHb! 1ieNeBbIe OKa3aTeIH, TAKUE KK MOBBILICHUE ONPABABIBAEMOCTH IITOPMOBBIX
MpenynpekKAeHUI U TPOTHO30B JieNoBOH oOcTtaHoBKM 10 98%, a Takke Cco3gaHHe
MHTETPUPOBAHHBIX CHCTEM MOJICP)KKH NPHHATHSA PEUICHUH IJIS KallMTaHOB M JIOIMAHOB.
Peanusaiysi CTpaTeryu IO3BOJUT CYIIECTBEHHO IIOBBICHTH YPOBEHb OE€30IaCHOCTH
CYZOXOZCTBA, ONTUMU3UPOBATh JIOTHCTHKY U MUHUMH3HUPOBAaTh YKOHOMHYECKHE PUCKU JUTS
MOPCKOT'O M PEYHOT'O TPAHCIIOPTa.

KirouyeBble c10Ba: T'HAPOJIOTHYECKOE HPOTHO3HPOBaHUE, OE30MACHOCTb CYIOXOJCTBA,
BOJHBIA TPAHCIOPT, CTPATETHs Pa3BUTHS, aHCaMOIeBbIe IPOTHO3EI, Pocruapomer, omacHbie
THAPOJIOTHYECKHUE SIBICHUS.

Strategic development trends in hydrological forecasting to ensure
navigation safety and efficiency in Russia until 2035

Nadezhda A. Volkova'?

ORCID: 0000-0002-9272-4713
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Abstract. Reliable hydrological forecasting is critical for ensuring the safety of navigation
and the efficiency of water transport in conditions of increasing frequency and intensity of
hazardous hydrological phenomena. This article analyzes the current state of the
Roshydromet hydrological forecasting system from the perspective of shipping objectives.
Key challenges limiting its potential were identified: technological lag, a lack of real-time
data, and insufficient forecast detail for port waters and inland waterways. Based on the
system approach, strategic development trends until 2035 were formulated, including
digitalization, the implementation of ensemble and probabilistic methods, the development of
an observation network, and specialized services for the transport industry. Target indicators
were proposed, such as increasing the accuracy of storm warnings and ice forecasts to 98%,

185



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne86(1), 2026

as well as the creation of integrated decision support systems for captains and pilots. The
strategy implementation will significantly improve navigation safety, optimize logistics, and
minimize economic risks for maritime and river transport.

Keywords: hydrological forecasting, navigation safety, water transport, development
strategy, ensemble forecasts, Roshydromet, hazardous hydrological phenomena.

BBenenue

VYckopstomuecss  KIMMAaTH4eCKHe  HM3MEHEHHs IPHUBOAST K  POCTYy  YacTOTHI,
MHTEHCUBHOCTH M MaclITabOB OMNACHBIX ruapojoruyeckux ssneHuil (OS), Takux Kkak
LITOPMOBBIE HArOHBI, OIACHBIC BOJHEHUS, AHOMAJbHbIE CIOHHO-HaroHHbIE SBJICHMS,
SKCTPEMAIbHBIC JICJOBBIE YCIOBHS, a TaK)Ke IMAaBOJIKU W CEJH, pa3pyllalolue O0eperoByro
nHdpactpykrypy. s BOIHOrO TpaHCIOPTA OSTH SBICHUS CO3JAIOT HPSMYIO Yrpo3y
0€30MacHOCTH MOpEIUIABaHUs, NPUBOAAT K MPOCTOSIM (hJI0TA, NOBPEXKICHUSIM MOPTOBBIX
COOpYXXEHHUH, CpbIBaM Tpa(UKOB TPy30NEPEeBO30K M, KaK CIEACTBHE, K 3HAUYNTEIHHBIM
SKOHOMHYECKHM HOTEpsIM. B ycroBHsAX Bo3pacTaromeil KIMMaTHYECKOW HecTaOMIBHOCTH
obecrieueHne HaAEKHOTO M 3a0JIarOBPEMEHHOTO THAPOJIOTHYECKOTO HPOTHO3HMPOBAHHS
nepectaeT OBITh YACTO METEOPOJOTHUECKOH 3amadyell M CTAHOBHTCS KPUTHYECCKU BaXKHBIM
3JIEMEHTOM CTPATETHYECKOTO YIPAaBJICHHUS TPAHCIIOPTHOW JIOTUCTUKOW M oOecreueHus
9KCIITyaTallHOHHOW HaJIeXXHOCTH BCEH OTpaciH.

CoBpeMeHHass CcUCTeMa  T'HJIPOJIOTHYECKOTO  MPOTHO3MpoBaHHS  Pocrugpomera,
SIBJSIFOLIASACS OCHOBHBIM HMCTOYHMKOM HWH(GOpPMALMM JJIsl  KalmUTaHOB, JIOIMaHOB |
CyIOBNIa/IebLIEB, CTAJKUBAeTCd C PSJIOM CHUCTEMHBIX BBI30BOB. K HHM oOTHOCATCS
TEXHOJIOTUYECKOE OTCTAaBAHUE, HEIOCTATOYHAs IUIOTHOCTb HAOMIOJATENbHOH CETH B
KJIFOUEBBIX JUISl CYZOXOJICTBAa paliOHaxX, Ae(HULUUT CIEIHATN3UPOBAHHBIX MPOTHOCTHYECKUX
MPOXYKTOB JJIsi aKBAaTOPUH TOPTOB M (apBaTepoB, a Takke ciabas WHTETpamus ¢
TU(PPOBBIMU CHCTEMaMHU YIIPABICHUS TPAHCIIOPTHHIMH MOTOKaMH. [ 1-15]

Leabio crarbu sBISETCS pa3pabdOTKa CTpAaTErMYECKUX HANpaBlICHUH pPa3BUTHA
CHCTEMbI THAPOJIOTHYECKOTO MPOTHO3MpoBaHusa B Poccuiickoit ®enepannu Ha mepHol 10
2035 rona, OpUEHTHPOBAHHBIX Ha IOBBINICHHWE YPOBHS 0€30MacHOCTH M 3((EKTHBHOCTH
paboThl BOJHOTO TpaHCTopTa. JliIsi TOCTHXKEHUs ITOCTaBICHHOM Lenu B paboTe pemarTcs
CcleAyrolye 3a1auu:

— IpPOBECTH  KOMIUIEKCHBIH  aHAIM3  TEKyHNIer0o  COCTOSHHUS  CHCTEMBI
THIPOJIOTHYECKOTO TPOTHO3MPOBaHUS Pocruapomera M BBIABUTH KIIIOUEBBIE IMPOOIIEMBEI,
Han0oJee OCTPO BIHUAIOIINE Ha 00ECIIeUeHUE Hy K MOPCKOTO M PEYHOT0 CYI0XO0/ICTBa;

— chopMynHpoBaTh  NPHOPHUTETHBIE  HANpaBJICHUs  Pa3BUTHS,  BKIIOYAs
MOJIEPHU3AINIO HAaOIIOAaTeIbHOW CeTH B ITOpTaX M Ha BHYTPEHHUX BOIHBIX MYTHX,
BHeJ[peHHEe IH(POBBIX IBOMHUKOB aKBaTOPHH, pa3BUTHE aHCAMOJIEBOTO M BEPOSTHOCTHOTO
IIPOTHO3UPOBAHMS BOJIHEHHS, JIEZIOBOM OOCTAHOBKH M YPOBHEH BOJIBI, @ TAKXKE MHTETPALHIO
HCKYCCTBEHHOT'O MHTEIUIEKTA JUISl CO3/IaHMS CIICIAIN3NPOBAHHBIX CEPBHCOB;

— OmlpeneNuTh IeleBble ToKasarend S(QPEKTHBHOCTH CHCTEMBI, TakKHe Kak
TIOBBIIIEHNE 3a0J1arOBPEMEHHOCTH M TOYHOCTH MPOTHO30B JJISI CY/I0XOJICTBA, YBEJINYEHHE
OTPaBABIBAEMOCTH IITOPMOBBIX HPEAYIPEKICHUNA A aKBAaTOPUH, U OLEHUTH OXKHIACMBII
CONMANBHO-9KOHOMIYECKUH 3(dexkr oT ux peammzanuu i BOJHOTPAHCIOPTHOTO
KOMILIEKCA.

O0BbeKTOM MCCJIeJOBAHUSA BBICTYNAET CHCTEMa THIPOJIOTHIECKOTO MPOTHO3HPOBAHUS
PocruapomMera B KOHTEKCTE €€ B3aUMOJEIHCTBUSI € 3alauaMy BOJHOTO TpaHcopra. B pabote
HCTIONB30BAaHBl METOABI CHCTEMHOTO aHaln3a HAYYHBIX ITyOJUKalMid ¥ HOPMAaTHBHO-
TEXHUYECKOH JOKyMEHTAINH1, PETJIaMEHTHPYIOIIEH I'JpOMETE0pOIOTHIECcKoe 0OecedeHue
CyIOXOJICTBA, W3y4EHHME OTYETHBIX MarepuasioB Pocrumpomera ¥ npoduIbHBIX
TPAHCHOPTHBIX BEJOMCTB, a TAK)KE METOJIbl AKCIIEPTHOM OLIEHKU, OCHOBAHHbIE HA MHEHMAX
CHELHATICTOB B 00JIaCTH THAPOJIIOTHH M MOPCKOM MH)KEHEPHH.
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1. CoBpemMeHHOe COCTOSIHME U IMATHOCTHKA MPO0JIeM
1.1. Jocmuscenus nocieonezo oecamunemus (2014-2024 22.)

3a mocnmenHme pecATh JeT B Poccumiickorr Denmepanuil JTOCTUTHYT CYIIECTBEHHBIN
Iporpecc B PAa3BUTHH CHCTEMBl THIPOJIOTHYECKOTO IPOrHO3WpoBaHWs. OmHUM ©3
KITFOYEBBIX JOCTHOKEHUH cTajo pa3BepThIBaHUE CHeNMaTU3UPOBAHHBIX
reonHpopmarmonnslx  cucteM (I'MC), Ttakmx kak «AMYP», «BOJITA» =n
oOmeHanonanbpHas miarpopma «'maponorus». DTH CUCTEMBI TIO3BOJIMIM WHTETPUPOBATh
NPOCTPAHCTBEHHBIC  JAHHbIE O  TUAPOJIOTMYECKOM  PEeXUME, aBTOMAaTU3UPOBATh
(opMUpOBaHHE NPOTHO30B ¥ TMOBBICUTH OINEPATUBHOCTb NPHHATHSA YIPABICHUECKHX
PEIICHHIA Ha PETHOHAIEHOM U (peliepaibHOM YPOBHSIX. [1]

Hayuno-meronudeckass 6a3a MpOTHO3MPOBaHUS Obla yKpeIUleHa 3a CUET BHEAPCHUS
COBPEMEHHBIX  THAPOJOTHYECKHX H  THUAPONWHAMHYCCKHX  MOJENEH,  BKIIIOYAs
otedecTBeHHBIE pa3pabotku — IIJIAB (mporHo3 ypoBus Bomel), ECOMAG (mozmems
(dopMHUpOBaHHS CTOKa Ha OCHOBE (DHM3WKO-CTATHUCTUYECCKAX TIPUHIMAIOB), a TakKKe
ajanTanuio  Me3oMacmTaOHOH Mereoponormdeckoir wmozemn ICON-RU  mna  Hy)nO
THIPOJIOTUIECKOTO MIPOTHO3MPOBAHUS. Oto CII0COOCTBOBAIIO TTOBBITIICHUIO
MPOCTPAaHCTBEHHOW JIeTaM3aluKl U (U3MYECKOH 0OOCHOBAHHOCTH MPOTHO30B, OCOOCHHO B
YCJIOBHSIX CJIOKHOTO pefibea 1 HEOJHOPOJIHOTO CHEKHOT'O IMTOKPOBA.

BaxkHbIM 11aromM B 00€CIeYyeHnH aBTOHOMHOCTH M OTIEPATHBHOCTH MOHHTOPHHTA CTAJIO
pa3BUTHE OTEYECTBCHHOM CIYTHHKOBOI I'pyNNUPOBKHU. 3allyCK anmapaToB «ApKTHKa-M» u
«3nektpo-JI» obecneyns perysipHOe TOJIyYeHUE TaHHBIX O COCTOSHUH JISIOBOTO TIOKPOBa,
CHEXKHOM 3aItace, TeMIlepaType TMOBEPXHOCTH U APYTHX KPUTHYCCKH BAXKHBIX IapaMeTpax,
0COOCHHO B TPYTHOIOCTYITHBIX aPKTHYCCKUX U JaTbHEBOCTOYHBIX PETHOHAX.

B CcOoBOKymHOCTH 3TH MepHl TPHUBEIH K 3aMETHOMY pOCTY KadecTBa IPOTHO3ZHOU
IeSTeNPHOCTH: 10 IaHHBIM Pocrumpomera, OINpaBOBIBAEMOCTh TIPEAYIPEKICHUN 00
omacHBIX Tuaponorunueckux sereHmsx (OS) Beipocma ¢ 91,6 % B 2013 rogy mo 96,4 % B
2023 roay [1], 4TO cBHIETENBCTBYET O MOBBIIUEHUU HAJAEKHOCTH U JTIOBEPUS K POTHO3HOM
nH(popMaLUK CO CTOPOHBI OPTaHOB BJIACTH M HACEJICHHUSI.

1.2. Kntoueesvie cucmemusle npoodiemol

HecmoTps Ha JOCTUTHYTHIE YCHEXH, CHCTEMa THAPOJIOTHYECKOTO MPOTHO3UPOBAHUS B
Poccun crankmBaercss ¢ psgoM TIIyOOKHMX CHCTEMHBIX OrpaHM4eHuit (puc. 1), KoTopbie
CHIDKAIOT €€ aJanTUBHOCTh K HOBBIM KJIMMAaTHYECKHM U COLHAIBbHO-3KOHOMHUYECKUM
BBI30BaM.

n pPOrHocTu4yeckme

. Mpeo6nagaHmre AeTEPMUHMPOBAHHDBIX METOA0B
. Manas gons u 3a6naroBpeMeHHOCTb
AONrOCPOYHbIX MPOrHO30B

JlaHHble U MOHWTOPUHT TexHosormyeckue

~3aB/ICIMOCTb OT 3apyDEHBIX CryTHNKOBBIX
AaHHbIX 1 MOoZenen

. [lednumMT AaHHBIX B pexmme, G/IM3KOM K
peanbHOMYy BpeMeHMn

. Cna6as ceTb MOHUTOPMHIa PYC/IOBbIX
aedopmaumi

PparmeHTapHas aBToMaTM3aLUA
Bbicokas Harpyska Ha nporHo3ucTos (>200
NPOrHO30B/roj Ha cneuyuanmcra)
CucTeMHble
npo6siembl

KappoBbie UHdpacTpyKTYypHbIe

HepocTaTtouHas MHTErpauma Mexay
METEeOopO/IOrMYECKMMM U T POSIOTMHECKUMM
mogenamm

. Cnabas npopaboTka NPOrHO30B A/1A YCTbeBbIX
0611acTen U apKTUYECKUX TePPUTOPUM

. Jednumt Monogpix creLuanmcToB
. HEOﬁXOAMMOCTb HenpepbIBHOrO NOBbIWEHUA
KBasmMdHKaumm

Puc. 1. CTpyKkTypa CHCTEMHBIX MPOOJIEM B COBPEMEHHON CHCTEME THAPOIOTHYECKOTO
nporHosuposanus P® (pucyHok aBropa)
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CucteMHBIC TIPOOIEMBI MOKHO OOBETUHHTE B CIICIYIOIINE TPYIIIIEL:

1) [IporaocTudeckue orpanudeHus. [Ipeobmaganue AeTePMUHUPOBAHHBIX MOIXOIOB K
MIPOTHO3UPOBAHMIO  HE  MO3BOJSET  aJCKBATHO  YYMTBIBATE  HEOIPEACIEHHOCTB
METEOPOIOTHYECKUX BXOIHBIX NAHHBIX W BHYTPCHHIOIO H3MEHYMBOCTH I'MIPOJIOTMYECKUX
npoueccoB. J10i1s BEpOSTHOCTHBIX U aHCAMOJIEBBIX IIPOTHO30B B ONEPAaTHBHOW MPAKTHKE HE
npessimaer 10 % [1], a 3a0naroBpeMeHHOCTh JIOJATOCPOYHBIX (CE30HHBIX M MEXCE30HHBIX)
MIPOTHO30B  OCTAaéTCsl HENOCTaTOYHOM s S(GQPEKTUBHOTO IUIAHHUPOBAHHUS B BOJHOM
XO03SIHCTBE U SHEPIeTHKE.

2) IlpoGneMbl ¢ JaHHBIMM ¥ MOHHTOPHHTOM. HecMoOTpsi Ha pa3BHTHE OTEYECTBEHHOMH
CIyTHUKOBOH TPYNIHMPOBKH, 3HAYMTENbHAas 4YacTh BXOJHBIX JAHHBIX HO-TPEKHEMY
MOCTYTaeT W3 3apyOeKHBIX HMCTOYHHWKOB (Hampumep, maHHble Copernicus, NOAA), uro
co3MaéT PHCKM TEXHOJOTWYECKOH 3aBHcHUMOCTH. Kpome Toro, HabmromaTtenbHas CETb
XapaKTepU3yeTcs HU3KOW IUIOTHOCTBIO M HENOCTaTOYHOH aBToMaTm3aimei: menee 30 %
THIPOIIOCTOB MEpEatoT JaHHBIE B PEXXKHUME, OM3KOM K pearbHOMY BpeMeHH [1]. Ocobenno
ocTpo oymaeTcs AehUIUT HHPOPMALMH O PYCIOBBIX Ae(OPMALHAX, YTO KPUTUIHO IIPH
MIPOTHO3UPOBAHNUH ITIABOJIKOB B AMHAMUYECKH N3MEHSIOIINXCS PEUHBIX CHCTEMAX.

3) TexHonoruueckas (parmMeHranys. ABTOMaTH3alUs IMPOLECCOB MPOrHO3MPOBAHUS
HOCUT (pparMeHTApHBIN XapakTep: MHOTHE 3Tambl (MOATOTOBKA HCXOIHBIX JaHHBIX,
KanmuOpoBKa MOJIeJei, WHTepIpeTanus pe3yiabTaToB) BcE€ emé TpeOyroT pydHOTO
BMEIIIATeNILCTBA. Bhicokas pabouas Harpy3ka Ha MPOTHO3HCTOB — B cpemHem Oonee 200
MPOTHO30B Ha OJHOTO CIICHHAINCTa B TOJ — NMPUBOJUT K YCTaJOCTH, CHU)KECHHIO KauecTBa
aHaM3a M POCTY PUCKA ONIMOOK.

4) UadpactpykrypHas pazo0méHHOCTh. OTCYTCTBYET TIIyOOKash MHTETPAlUs MEXIY
METEOPOJIOTHYECKUMH W THIPOJOTHMYECKUMH MOAEIAMH: 3a4acTyl0 T'HIPOJIOTHYECKHUE
IIPOTHO3BI CTPOSTCSA HA OCHOBE YIPOIIEHHBIX METEOPOJIOTHUECKHUX CLICHAPHEB, YTO CHIDKAET
nx ToyHOCcTh. Kpome Toro, c1abo pa3BUTHI METOIMKH NTPOTHO3UPOBAHUS JJISI YCTHEBBIX 30H
PEK M apKTHIECKUX TEPPUTOPHIL, I/ie B3aUMO/IEHCTBIE PEUHOTO CTOKA, JIEJOBBIX YCIOBHH U
YPOBHS MOpPsI TpeOyeT KOMIUIEKCHOTO MOZEINPOBAHUSI.

5) KampoBerit  nepunut. CuctemMa CTaKHBAeTCS C OCTPBIM HEJTOCTATKOM MOJIOIBIX
CIICIIUAJIMCTOB, 06J'Ial[aIOU_II/IX KOMIICTCHIIUSAMH B obmnactu TUAPOJIOTHUH, YUCICHHOTO
MOJICIMPOBAHMS U aHaIM3a OONBIIMX AaHHBIX. CyIIeCTBYIOUIME MIPOrpaMMBI MOBBIIICHUS
KBaHI/I(bI/IKaHI/II/I HE BcCErga COOTBETCTBYIOT TEMIIAM TEXHOJIOI'MYECKUX H3MCH6HHﬁ, qTO
3aTpyIHSET BHEAPEHUE MHHOBALMOHHBIX PEIICHUN B ONIEPATUBHYIO IIPAKTUKY.

HecMoTps Ha 3HaUNTENBHBIE TOCTHXKEHUS TIOCJIEIHETO JIECATHIIETUS, sl 00eCIeYeHUS
YCTOWYHMBOTO Pa3BUTHS THAPOIOTHUECKOTO MTPOTHOZUPOBAHUS B YCIOBHAX KIMMAaTHYECKOM
HecTaOWIBHOCTH TpeOyeTcss cucTeMHas TpaHchOpMaiys Kak TEXHOJOTHYECKOH, Tak M
OpraHU3aIMOHHOW OCHOBBI OTPACIIH.

2. Ctpateruyeckue HanpasJjenus paspurus 10 2035 roga

Crparerndyeckre HANpaBlICHUs Pa3BUTHA THIPOJIOTHYECKOTO MPOTHO3HPOBAHUSA B
Poccum MOXHO CBECTH K IIECTH TyHKTaM (pHc. 2).
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1 Hudporas tpanchopmarms u
MHTEIUICKTYITU3aIHS

2 Iepexox k BEpOSITHOCTHOM Mapagurme
MTPOTHO3MPOBAHUS

3 PasBuTHe HaOIIOAATENBHON CETH U JAHHBIX

4 Pa3BuTHE MOJIEIBHOTO KOMILIEKCA U
HAYYHOH 0a3bl

5 Pacmiupenne 00bEKTOB U CEPBHCOB
TIPOTHO3UPOBAHHUS

6 WnTerpanus u MeXIyHapoIHOE
COTPYIHHYECTBO

Puc. 2. Crparerndeckue HalpaBICHHUs pa3BUTHS THIPOIOTHYECKOTO IPOTHO3UPOBAHUS (PUCYHOK
aBTOpA)

2.1. Hanpaenenue: «ughposas mpancpopmayun u unmennexmyanuszayus)

B ycnoBusx HapacTaromeil CI0XKHOCTH THIPONOTMYECKHX MPOLECCOB M poCTa
TpeOOBaHMII K OIEPATUBHOCTH W TOYHOCTH IIPOTHO30B KIFOUEBBIM CTPATETHYECKUM
BEKTOPOM pPa3BUTUS CHUCTEMbl TI'MJPOJIOIMYECKOr0 IPOrHo3upoBanus B Pocculickoil
@enepauyu 1o 2035 ronma BeicTynaer uugpoBas TpaHChOpMaIHs, COIPOBOXKIacMas
HHTEJUIeKTyaldn3aluell BCeX STaloB MPOTHO3HOTO IMKiIa. JlaHHOE HampaBleHHUe
IIperoaraeT nepexo] OT YaCTUYHO aBTOMATH3MPOBAHHBIX, HKCIIEPTHO-OPHEHTUPOBAHHBIX
MPOIEYP K MOJIHOCTHIO MHTETPUPOBAHHOMN, caMOOOydJarolieiics U afanTUBHOM 1(POBOit
9KOCUCTEME, CIIOCOOHOH 00ecneYyrBaTh BEICOKOTOUHBIE POTHO3bI B PEAIbHOM BPEMEHH.

2.1.1. I[lonnas asmomamu3ayusi 6bINYCKa KPAMKOCPOUHbIX NPO2H0308 Ha ocHose I U C-
nramegopm

[lmaHupyercss 3aBepiieHHE IepexoJa K  IOJHOCTBIO  aBTOMATHU3UPOBAHHOMY
(OPMHUPOBAHUIO KPATKOCPOYHBIX (0 72 YacoB) THUAPOIOTHYECKUX IPOTHO30B Ha 0ase
YHUQHUIUPOBAHHBIX TCOMH(POPMANMOHHBIX TIaTGopM (BKIIOYAs MOICPHU3UPOBAHHBIE
Bepcuu cucteM «KAMYPy», «BOJII'A» u 0o0lieHAMOHATBHOU TIAThOPMBI « HAPOIOTHS).
ABToMaTH3anMsa OyAeT OXBaThIBATh BCE ITAIBI — OT cOOpa M MpeaBapUTEILHON 00paboTKH
METEOPOJIOTHYECKHX ¥ THAPOJOTMYECKMX JaHHBIX JI0 TeHepauuu u BepupuKanuu
MIPOTHO3HBIX TPOTYKTOB. ITO TIO3BOJUT CHHU3UTh CYOBEKTHBHYIO COCTABIISIOIIYIO,
MUHHMH3UPOBAaTh BPEMEHHBIE 3aJepKKH H  BBICBOOOJIUTH  JKCIEPTHBIM  pecypc
MIPOTHO3UCTOB Ui peIIeHHus 3amad 0Oosee BBICOKOTO YPOBHSA CIOXKHOCTH, BKITIOUAs
BepUUKALMIO JKCTPEMAIbHBIX CIEHApUEB M B3aMMOJCHCTBHE C I0JIb30BATEISIMU
MIPOTHO3HON MH(pOpPMAIHH.

2.1.2. Hlupokoe 6HeOpeHue mexHoI02Ull UCKYCCmeeHHo20 unmennekma (MH) u mawunnoeo

obyuenus (MO)

Texunosornn MW u MO craHyT HEOThEMJIEMOH YacTBIO NPOTHO3HOW MH(PACTPYKTYPHI
n OyIyT IPUMEHATHCS IO TPEM KITFOUEBBIM HAIPaBIICHUSM:
— mocT-00paboTka W KOPPEKIUS MPOTHO30B. VCmoib30BaHWE HEHPOCETEBBIX U
aHCaMOJIEBBIX METONOB [UISI CTaTHCTHYECKOW KOPPEKIMH CHCTEMaTHYECKHX OIIMOOK
THIPOJIOTHIECKUX MOJIENel Ha OCHOBE HCTOPHUYECKHX TaHHBIX U TEKYIINX HaOIIOACHNUIT;
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— YCBOGHHE TETEPOTCHHBIX MaHHBIX. Pa3pa0oTka W BHEApPEHHE THOPHIHBIX
AITOPUTMOB yCBOCHHS JaHHBIX, HMHTCTPUPYONINX HHQOPMAIMIO W3 Pa3HOPOIHBIX
HCTOYHHUKOB — OT CITyTHHKOBBIX CHUMKOB («ApKTHKa-M», «DnekTpo-JI», MexayHapo HbIe
MHCCHH) B METEOPaaapoB 10 pacupeneia¢HHbIX [oT-qaTankoB B peyHbIx OacceifHax;

— TPOTHO3MPOBAHUEC KPATKOCPOUHBIX siBIcHUN. CoO3laHHE CIHCIHATH3UPOBAHHBIX
NU-monmenelt  ans  NPOTHO3MPOBAHHS — OMACHBIX — THJAPOJOTHYECCKUX  SBICHHUA  C
3a0aroBpeMeHHOCThIO OT 0 10 12 yacoB Ha OCHOBE aHAM3a JUHAMHKH OCAIIKOB, YPOBHS
BOABI M JPYIMX [ApaMETPOB B pEXKHME pealbHOro BpeMeHHU. [lomoOHBIE CHCTEMBI
BOCTPcOOBAHBI B YCIOBHSAX BHE3AITHBIX JTHBHEBBIX MTABOJKOB U CEJICBBIX TOTOKOB.

2.1.3. Coz0anue Eounoti yughposoul niamgopmvl 2udpoiocuieckux OaHHbIX U NPOSHO308

Jns  oOecrmedeHHs LEIOCTHOCTH, IOCTYITHOCTH W COBMECTHMOCTH HH(OpMAaILUH
IUIAHUpYeTCsl pa3pabdoTKa U BHeApeHue EnuHoil mudpoBoil miathopmMbl THAPOIOTHISCKUX
masHbIX W nporHozoB (ELICAIT) [1]. Ilmatpopma Oymer QyHKIIMOHHPOBATH Kak
LCHTPaJIN30BAHHBIIN Xa0, 00beIMHAIOIINI apXUBHBIC U ONIepaTHBHBIC TaHHbIC HAOIIOJCHUH,
BBIXOJIbl YMCIICHHBIX MOJIEJICH, BEPOSATHOCTHBIC MPOTHO3BI U BEPU(PHKALMOHHBIC METPHUKH.
Apxutektypa miaathopMbl peaycMaTpuBaeT OTKphITEIH API muist mHTErpamu ¢ cucreMamu
IpaKAaHCKOH 3alUThI, BOJHOTO X03HCTBa, SHEPTETUKU M TPAHCIIOPTA, & TAKKE MOJICPKKY
craumaptoB FAIR (Findable, Accessible, Interoperable, Reusable). ELIIIIIIT craner
OCHOBOW Uil IU(MPOBBIX JIBOWHUKOB BOJHBIX OOBEKTOB W OOECHEYHMT IPO3PAYHOCTD,
BOCITPOM3BOIMMOCTh U MacIITaOMPYEeMOCTh TMAPOJIOTUYECKOrO IIPOrHO3MPOBAHUS Ha BCeil
teppuropuu Poccuiickoii @enepanyu.

Peanm3auuns JaHHOTO CTPATETHYECKOTO HAIPABICHUS IO3BOJUT HE TOJBKO HOBBICUTH
TEXHHYECKYI0 M METOJOJIOTHYECKYIO 3DPeJIOCTh OTPacid, HO U OO0ECIeYuTh Hepexon K
NPOAKTUBHOM, a HE PEaKTHBHOH MOJENH YIPaBICHHS TUIPOJIOTHYECKUMU PHCKAMH.

2.2. Hanpaenenue: «Ilepexoo Kk eepoammnocmnoii napaouzme npozHo3upoeanusn

Poct HecTranuoHapHOCTH THAPOJIOTMYECKHX IPOLECCOB B YCIOBHAX KIMMAaTHYECKHX
n3MeHeHHH TpeOyeT (yHIaMEHTAJIbHOTO C/ABUTA OT TPaIULIMOHHON JIEeTepMHUHHPOBaHHON
NapajiurmMbl MIPOTHO3UPOBAHUS K BEPOSTHOCTHOM. Takoi IOAXOJ IO3BOJSET HE TOJIbKO
OIIGHMBaTh Hauboyiee BEPOATHBIN CIEHapU Pa3BUTHS THAPOJIOTMYECKON CHUTYyaIluH, HO U
KOJIMYECTBEHHO  XapaKTEpU30BaTh  CTENEHb  HEONPEACHEHHOCTH,  CBSA3aHHOM  C
METEOPOJIOTUYECKUMU BXOJHBIMM JIaHHBIMU, NAapaMeTpu3aluedl MoJelaed U BHYTpPEHHEH
HM3MEHYMBOCTBIO  BojocOopoB. Ilepexox K BEpOATHOCTHON mapagurme  SIBISETCS
CTpaTern4eckd HeOOXOIMMBIM IIaroM AJIS MOBBIIIEHUS YCTOHYMBOCTH MPUHSITHS PEIICHUI
B YCIOBHUSIX PHCKA U HEONPEAEIEHHOCTH.

2.2.1. Maccosoe guedpenue ancambiegblx Memooos 0iis 6cex 8UO08 NPOSHO308 (OMm
KPAMKOCPOUHBIX 00 Ce30HHbIX)

[maHupyercss CHUCTEMHOE BHEIpPEHHE aHCAMOJCBOTO IPOTHO3MPOBAHMS Ha BCEX
BPEMEHHBIX TOPH30HTAaX — OT KpaTKocpodHoro (0—72 9) mo ce30HHOTO (MeCSIbI BIEepEn).
AHcamMOJieBBIi TTOX0J obecrnednT (HOPMUPOBAHUE PACTIPEIEIICHNH BO3MOMXHBIX HCXOJ0B
(Hampumep, ypOBHS BOABI, 00BEMaA CTOKA), YTO BAKHO JMJIs OICHKH BEPOSTHOCTH
TIPEBBIMIEHUS TIOPOTOBBIX 3HAUCHUH M CBOEBPEMEHHOTO 3aITyCKa MIPEBEHTUBHBIX Mep.

2.2.2. Paspabomka u éneopenue Memooux UHmepeaibHo20 NPOSHOZUPOBAHUS C OYEHKOU
HeonpeoeleHHoCmu

B pamkax BEpOSTHOCTHOW MapaaWrMbl OyAeT peaqu3oBaHa CTaHAAPTU3WPOBAaHHAS
METOJIOJIOTHSl HHTEPBAIBHOTO IPOTHO3UPOBAHMSA, BKIIOYAIONAs KBAHTUIBHBIE OLEHKHU
(manpumep, 10-#1, 50-it n 90-if nepueHTHIN) U TOBEPUTEIbHBIE HHTEPBAJIBI JUIS KITIOYEBBIX
THIpOJIOTHYEeCKUX TepeMeHHBIX [1, 8]. Ocoboe BHHMaHWe OyneT YIEICHO KalHOPOBKE
BEPOSITHOCTHBIX MPOTHO30B C HCIIOJIb30BAHHEM METOJIOB CTATHCTHYECKOH 1OCTOOpabOTKH
(manpumep, Bayesian Model Averaging, Nonhomogeneous Gaussian Regression), uto

190



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne86(1), 2026

MOBBICUT WX HAAEXKHOCTH W COIVIACOBAHHOCTH C HAOIIOMaeMOM dYacTOTOH COOBITHIA.
Pesymbratel  TpoTHO30B  OyXyT COMPOBOXKIATHCA METPHKAMH  HEOIIPENEIEHHOCTH
(HampuMep, IIUpWHA  WHTEPBANA, JSHTPONHUS  pACIPEACICHHUS),  IO3BOJIOUIIMH
MIOJIB30BATEISIM a/ICKBATHO HHTEPIPETHPOBATH YPOBEHD PHCKA.

2.2.3. Pazsumue cepsucog Ha 0CHOBE GEPOSMHOCIHBIX NPOSHO308 OISl KOHKPEMHbIX
nompebumeret

s obecriedeHrs MPaKTUYECKOH MPUMEHUMOCTH BEPOSITHOCTHON MH(popMaruu OyayT
pa3paboTaHbl ¥ BHEIPEHBI CICIUATU3UPOBAHHBIC CEPBUCHI, OPUCHTHUPOBAHHBIC Ha
noTpeOHOCTH KitoueBhIX oTpacieit. JJns MUC Poccun — 3TO cepBHCHI OIICHKH BEPOSTHOCTH
3aTOIUICHUS HACENEHHBIX IMYHKTOB M pacuéTa 30H BO3MOXKHOTO 3aTOIUIEHUS C YUETOM
cueHapHoro asanmusza. Jlns MuHHCTepcTBAa TpaHCIOPTa — IPOTHO3BI BEPOSITHOCTH
HapyuleHUsl CyIOXOACTBA H3-3a HU3KUX YPOBHEM BOABI WIM JIEAOBBIX 3aTOpoB. Jlist
SHEPreTUYECKOI0 CEKTOpa — BEPOSITHOCTHBIE OLIEHKH IMPUTOKAa BOABI B BOJOXPaHMIIMIIA
I'SC, HeoOXomumple Ui ONTHMH3ALUAN PEKUMOB pabOTBl W yJacTHs B PBIHKAX
ANEKTPOIHEPTHHU. Bce cepBUCH OyOyT MOCTPOCHHI HAa MPUHIMIIAX OPHEHTHPOBAHHBIX Ha
MOJB30BaTeNII M 00ECIeUMBATh BU3YaIM3alHI0 PUCKOB B MHTYHTHBHO TOHATHOW (opme
(HampuMep, KapThl 30H 3aTOIUICHUS C BEPOSTHOCTSAMH, BPEMEHHBIC MNPOQWIN PHCKa,
WHJMKATOPBI TOTOBHOCTHU K JEHCTBHIO).

ITepexon K BEPOSITHOCTHOM napagurme MIPOTHO3UPOBAHUS IO3BOJIAT
TpaHCc(HOPMHUPOBATH THUAPOJIOTHYCCKYI0 HH(MOPMAIMIO W3 Habopa JIeTCPMUHHPOBAHHBIX
3HAUEHHUH B MHCTPYMEHT yIpaBJIeHHUs prUCKaMK, obecrieunBas Oosee rnOkoe, 000CHOBaHHOE
U YCTOMYMBOE MPUHITHE DPELIEHUH B YCIOBUAX HEONPEAENEHHOCTU, XapaKTEpHOM ist
kanmata X XI Beka.

2.3. Hanpaenenue: «Pazeumue nabaiooamenvnoii cemu u OGHHbIX»

[oBblIeHNE KauecTBa U HAAEKHOCTH TUAPOIOTHYECKOrO MPOTHO3UPOBAHUS HAMPSMYIO
3aBUCHT OT MOJIHOTHI, TOYHOCTH WM ONEPATUBHOCTH HMCXOIHOH HMH(OpMAnMU O COCTOSHHUU
ruapochepsl U armocdepsl. B ycnoBHAX pocTra TEXHOJIOTHYECKOH aBTOHOMHH H
HEOOXOIMMOCTH  CHIDKEHHS  3aBHCHMOCTH  OT  BHEIIHMX  HCTOYHHKOB  JAaHHBIX
cTpaTerndeckuM mpuoputeroM 10 2035 roma CTaHOBUTCA KOMIUIEKCHOE pa3BHTHE
O0TEYeCTBEHHOH HAOMI0aTeIbHON HHPPACTPYKTYPhI U CO3JaHHE €IUHON, MHOTOYPOBHEBOI
CUCTEMBl MOHUTOPMHIA BOJHBIX pecypcoB. JlaHHOe HalpaBlIeHUE NpPeAyCMaTpUBacT
CHHEPTeTHUECKYI0 HHTETPAllMI0 KOCMHYECKHX, Ha3eMHBIX W MOOWIBHBIX CPEICTB
HaOJIOJICHUSI C aKIEHTOM Ha IHM(POBYIO COBMECTUMOCTb, MPOCTPAHCTBEHHO-BPEMEHHYIO
PeNpe3eHTaTHBHOCTD U (PU3NYECKYIO JOCTOBEPHOCTH JAHHBIX.

2.3.1. Pasgumue u noiHoe ucnoib308anue 0meyecmeenHol CymHUKOGOL SPYNRUPOBKU

[Tnanupyercs 3aBepiienue GOpMHUPOBaHUS U 0OecIieueHHE YCTOMIMBON 3KCILTyaTallnu
OTEYECTBEHHON CIIyTHUKOBOW TPYNIUPOBKM B MHTEpecax THIPOJIOTUH, BKIIOYAIOMIEH
ammapartbl cepuil «ApKTHKa-M» (a1 MOHHTOpWHTa ApPKTHKHA M BEPXHUX 0acCeHHOB pek
Cubupn), «Onextpo-JI» (Ui ModydeHHUs reoCTalIOHAPHBIX JAaHHBIX O BJIaroco/AepXKaHUH
aTMocdepbl, TemIepaType MOBEPXHOCTH M AWHAMHKe obnayHocth) u «Meteop-M» (mms
MOJISIPHO-OPOUTANBHBIX HAaONIONEHUH 32 CHEXHBIM ITOKPOBOM, JICZOBBIMH YCIIOBHSMH M
XapakTepUCTHKaMU MoBepxHOCTH). Ocoboe BHUMaHHE OyAET YyAENCHO OOECIEeUCHHIO
HETPEPHIBHOCTH HAOJIIOICHIH, TOBBIIIICHUIO YaCTOTHI OOHOBIICHUS JAHHBIX U PACIIUPEHUIO
30H IOKpPBITUS, BKIIOYas TPYAHOAOCTYNHble peruoHsl JlanbHero Bocrtoka u KpaitHero
Cesepa.

2.3.2. Ilosviuenue mounocmu ome4ecneeHHbIX CNYMmMHUKOBbIX npodmeog

KiroueBbM yciioBreM 3 QeKTHBHOTO MCIOIb30BaHUS CIIyTHUKOBBIX JAQHHBIX SIBIISETCS
TIOBBILIEHUE UX (PU3UIECKON JTOCTOBEPHOCTH U NMPOCTPAHCTBEHHO-BPEMEHHOTO Pa3peNICHUs.
B pamkax paHHOrO HampaBieHUs OyAyT peajM30BaHbl IPOrpaMMbl KalWOpPOBKH H
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BaIUAAIMKA CIIyTHUKOBBIX TPOAYKTOB Ha OCHOBE HA3E€MHBIX OSTAJOHHBIX H3MEPCHHUIA.
[MpuopuTeTHBIME 3aJa4aMH CTaHYT YJAYYIICHHE aJITOPUTMOB pacu€ra «CIyTHHKOBOTO
BETpa», TIIOBBIIICHHE TOYHOCTH OICHOK CHEXXHOTOo BOAHOTO »SKBHBaneHTa (SWE),
BJIaro3aracoB MOYBbI M XapaKTePHCTHK JIEJOBOTO MOKpOBa. Pa3BUTHE OTE4ECTBEHHBIX
METOJMK OOpaOOTKM CHYTHHKOBBIX JaHHBIX MO3BOJHT CHU3UTh MOTPEITHOCTH BXOIHOMN
UHPOPMALIUH IS THIPOJIOTHICCKUX MOJIEICH U MOBBICUTH OONIYIO HaEKHOCTh IPOTHO30B.

2.3.3. Humeepayust 0annwix ¢ 6eCnuiomublx annapamos, padapos u cemu
ABMOMAMUYECKUX SUOPONOSULECKUX NOCMO8

Jdnst obecrieueHus: BBICOKOW MPOCTPAHCTBEHHOH JeTalM3allid M ONEpaTHBHOCTH
MOHUTOpPHHIa OyneT pa3BHBaThCs THOpHUIHAS cUcCTeMa HaONIOAEHWH, OOBeTUHSIOmas
CTallMOHAPHbIE ¥ MOOWIbHBIE HMCTOYHHMKM JaHHBIX. llmaHupyercst 3HAYMTEIbHOE
paciupeHme ceTd aBTOMaTHIeCKUX rupponorundecknx noctos (AITI) ¢ mepenadeil maHHBIX
B PEXHME PEabHOTO BPEMEHHM, a TAKXK€ MHTETPALMsl HHPOPMAIMN C METEOPOJIOTHIECKUX
pamapoB u OecnmwiIoTHBIX JetaTenbHbIX ammapartoB (BIIJIA), wucnomb3yeMblx —ams
JIOKQJIbHOTO MOHHUTOPHHIA ITTaBOJKOB, JICJOBBIX 3aTOPOB M PYCIOBBIX Aedopmanmii. Bee
JaHHble OynyT yHHOHUIMPOBAHBI B paMKax oOmeld apxurekTypbl EnunHoi nudpoBoii
HJ'IaT(bOpMI)I TUAPOJIOTUYCCKUX AAHHBIX W IPOTHO30B, YTO 00eCIeunT ux COBMCCTHMOCTD,
AOCTYITHOCTH U BO3MOKHOCTD UCIIOJIb30BAHUA B ONIEPATUBHBIX MOJCIIAX YCBOCHU.

2.3.4. Co30anue HayuoHATbHOU CUCEMbl MOHUMOPUHEA PYCIOBbIX U YCINbEBBIX NPOYECCO8

Ocoboe BHMMaHHE OyAET YACICHO pa3pabOTKe M BHEAPCHHUIO CICIMATIM3HPOBAHHOU
HAIlMOHAJPHOH CHCTEMBl MOHHUTOPHHIA PYCIOBBIX M YCTBEBBIX T'HJIPOJIOTHYECKHX
MPOIIECCOB — OJHOTO W3 Cia0BIX 3BEHBEB CYHICCTBYIOMICH HHPpacTpykTyphl. Cucrema
OyzneT BKIIOYATh CETh MOHHBIX U OEPETOBHIX JAaTYWKOB, THAPOJIOKAIMOHHBIE KOMIDICKCHI,
a’poreoIe3NIeCKie ChEMKHI U CITyTHUKOBBI MOHHTOPUHT MOP(GOIUHAMUKHN pycell. AKICHT
OyzeT clieaH Ha KPYIHBIX peKax ¢ BEICOKOW JMHAMHUKOW PYCIOBBIX H3MEHEHHH (HampuMep,
Jlema, O0b, AMyp) W YCTBEBBIX OONACTIX pEK, TIC B3aMMOJCHCTBHE PEYHOTO CTOKa,
MIPWINBOB W JICAOBBIX YCIOBHH TpeOyeT KOMIUIEKCHOTO Toaxofna. IloxydaeMbie IaHHBIC
CTaHyT OCHOBOMH Il YTOYHEHHs apaMeTpPOB THAPOJUHAMUYECKUX MOJIENCH M MOBBIIICHHS
TOYHOCTH NMPOTHO30B NAaBOJIKOB ¥ HABOJHEHUH B MPHOPEKHBIX TEPPUTOPHUSIX.

Peanuzarius 1aHHOTO HAINIpaBICHUS 00ECTIEUUT MEPeXoa OT hparMeHTapHON U YaCTHIHO
3aBUCHUMOM OT BHEIIHUX HWCTOYHUKOB CHUCTEMBl HAONMIOJEHWH K aBTOHOMHOM,
MHOTOYPOBHEBOW M LHU(POBO-UHTErpUPOBaHHONH  UH(PACTPYKTYpe,  CHOCOOHOM
MOJIICP)KUBATh BBICOKOE KadeCTBO THAPOJOTMYECKOTO IPOTHO3HPOBAHUS B YCIOBHAX
MEHSIOIIETroCs KIIMMaTa ¥ pacTyIuX TpeOOBaHMA K BOJTHOW 0€30IacHOCTH.

2.4. Hanpaenenue: «Pazsumue mooenvnozo Komniaekca u Hayunoi 6a3o»

[NoBrITIeHUEe MPOTHOCTUYIECKOH CIIOCOOHOCTH THAPOJOTHYSCKONW CITY>KOBI B YCIOBHUSX
HECTAllMOHAPHOTO KiIMMaTta TpeOyeT (yHIAMEHTAIFHOTO OOHOBJICHUS MOICIHHOTO
WHCTPYMEHTAPHsT H  YKPEIUIGHHWS  HAayYHO-METoquueckoir  0a3pl.  CrTparermieckoe
HanpaBieHue «Pa3BuTHEe MOJIEIIFHOTO KOMIUIEKCA U HAYYHOH 0a3bD» HAIlCIIEHO Ha CO3MaHUE
HepapXUUeCKOM CHUCTEMbl YHCICHHBIX MOJIEJEH, OXBaThIBAIOIICH BCE BpPEMEHHbIE U
MIPOCTPAHCTBEHHbIE MAacITabbl — OT KpPaTKOCPOYHBIX OMNEPATUBHBIX TPOTHO30B JI0
CBEpPXJIOJTOCPOUYHBIX ~ KJIMMAaTHYECKUX  CIEHapuWeB, a Takke Ha  pa3paboTKy
CIEMAIU3UPOBAHHBIX MOJIENEH ISl pelIeHHs y3KOCTIeIIMAIN3UPOBAHHBIX, HO KPUTHUECKHU
Ba)XKHBIX 3aj1a4.

2.4.1. Coz0anue u snedpenue gbicokooemanvhvix (1-2 km) moodeneil («ammocghepa-cywa-
peKkay)

B paMKax JaHHOT'O HalpaBJICHUS MIIAHHUPYCETCA pa3pa60TKa 1 OIICPATUBHOC BHEAPCHUC
CBsA3aHHBIX MOHGHCﬁ, HUHTCTPUPYIOINX IPOLCCCHI B aTMocq)epe, Ha IMOBEPXHOCTHU CyIIHU U B
pe‘lHOﬁ CCTU C MNPOCTPAHCTBCHHBIM PAa3pCIICHUCM 1-2 km. HO)IO6HI)IC MOACINU ITO3BOJIAT
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YUUTBIBATh OOpPATHBIC CBSI3H MEXIY METEOPOJIOTHUECKUMH YCIOBUSIMH U THAPOIOTUIECKIM
OTKJIIMKOM BOZOCOOpa, YTO HEOOXOAMMO IPH IPOTHO3MPOBAHMHU 3KCTPEMAIBHBIX OCaIKOB,
JIUBHEBBIX MABOJKOB M CJIOXHBIX THIPOMETEOPOJIOTMYECKMX CHTyanui. Mcmomb3oBaHue
€ANHON (PU3NYECKOW OCHOBBI M CKBO3HOTO OOMEHAa [JaHHBIMH MEXIy KOMIIOHCHTaMH
Mojenu (Hampumep, Mexay MmesomaciutabHoi Mmozenpto ICON-RU u ruzpponorudeckoit
Mozensto ECOMAG wunu IIJIAB) NOBBICHT COIJIacOBaHHOCTb MPOTHO30B U CHHU3UT
HaKOIUICHWE OLIMOOK IpH IOCJEOBaTeNbHON Iepenade JaHHBIX MEXIy pas3/ielbHBIMU
CUCTEMaMH.

2.4.2. Akmueroe pazgumue u UCnonb3osanue mooenel 3emrou cucmemvl (INM-CM) ons
CBEPXO0A2OCPOUHBIX U KIUMATNULECKUX NPOSHO308

Jnst obecrniedeHust CTPaTernIecKoro MIAaHUPOBAHMS B BOJHOM XO3AHCTBE, SHEPTETHKE U
CeNIbCKOM  XO3siicTBe OyAeT paclMpeHo TNPHUMEHEHHE MOJAeIed 3eMHOW CHCTEMBI,
pa3pabatbiBaeMbIX B MHcTHTYyTEe BBRIUmMcinTenbHOW MmatemMatuku PAH (INM-CMS, INM-
CM6). DT Mopenw, OMUCHIBAIOIINE B3aMMOJCHCTBHE aTMOC(ephl, OKeaHa, Kpuochepsl,
Onocdepsl u ruppocdepsl, cTaHyT OCHOBOH 111 ()OPMHUPOBAHUS CIEHApHEB W3MECHEHHS
CTOKa, YaCTOTHI 3aCyX U NMABOJKOB HA JECATHIIETHUX U MEXCE30HHBIX ropu3oHTtax. Ocoboe
BHUMaHHE OYIET yICICHO aJanTalud TI00aNbHBIX BBIX0J0B INM-CM K pervoHaabHBIM
YCIOBUAM C  HCIIOJB30BAaHMEM  METOMOB  JAWHAMMYECKOIO M CTATHCTUYECKOTO
JTAYHCKEIJINHTA, a Taloke MHTETpallud C THUAPOJOTHUYECKUMH MOJENAMHU U1 OLEHKU
BO3/ICMCTBUS KIIMMAaTUUECKUX U3MEHEHUH Ha BOJIHbIE pecypchl Poccun.

2.4.3. Paspabomka u sepugpuxayusi cneyuanuzupo8anHuix Mooeietl Ois nPocHO3UPOBAHUSL
ONACHBIX 2UOPONOSUYECKUX ABNEHUT

VYUuThIBas BBICOKYIO  COIMAIBHO-KOHOMUYECKYI0 3HAYMMOCTh  JIOKAIbHBIX U
cnenuduIecknx MpoIeccoB, OYAET pealn3oBaHa MpPOrpaMMa CO3JAHUS U ONEPATHBHOIO
BHEJ[PEHHUS Y3KOCTICI[HATU3UPOBAHHBIX MOJIEIICH:

— Mojenud  pycioBeix Aedopmainuii M pa3mMbiBOB  OeperoB. Ha  ocHOBe
THPOJMHAMUYECKUX W MOP(OJMHAMHYIECKUX IMOIXO0B (HAMpUMEpP, C HCIOJIb30BAHUEM
mojeneid Tuna TELEMAC, Delft3D wnu oreuecTBeHHBIX aHAIOrOB) OyAyT pa3paboTaHbl
HHCTPYMEHTHI JIJIsI IPOTHO3UPOBAHMS 303U OEperoB, MUTpaUU pycel u (pOopMUPOBAHUS
3aTOpPOB. DTO 0COOEHHO aKTYaJIbHO JUISl PEK C BHICOKOH JMHAMHKOW PYCIOBBIX MPOLIECCOB
(Jlena, Amyp, Bonra);

— MOJICJIHN OIIaCHBIX SIBICHUN B YCTBEBBIX 00J1aCTAX. By}IyT CO31aHbl CBA3aHHBIC
«peKa—ycTbeBas O00JaCTb—MOpE» MOJIENH [JIsl TPOTHO3UPOBAHUS CTOHHO-HATOHHBIX
SIBJICHUH, 3aTOIUICHUI MpPU COBMAJACHHM TABOJKA M HPUIINBA, 4 TAKKE MPOHUKHOBEHHS
COJIEHBIX BOJl B MPECHOBOJIHBIE YCThEBBIE OOJACTH — KPUTHYECKHU BAXHOTO (hakTopa Juis
BOJIOCHA0KEHHS i IKOCHUCTEM MPUOPEKHBIX PETHOHOB;

— MOJIeNM JIeJIOBBIX siBiieHHW. [lmaHupyercs pa3BUTHE KOMILIEKCHBIX MOJENei
ne000pa30oBaHusl, JBWKEHHS JIEASHBIX MoJed u (OPMHUPOBAHUS 3aTOPOB C YUETOM
METEOPONIOTHYECKUX YCIOBUH, THAPABINYECKUX XapaKTEPHCTUK U PYCIOBOH Mopdomoruu
Juisi 3a0J1arOBPEMEHHOTO TPENyNpPekICHUs JISIOBbIX 3aTOPOB M 3aTOIUICHWH B BECEHHUI
niepuo, ocodoenHo B Cubupu 1 Ha ceBepe eBpoIelickoi yactu Poccun.

Bce HOBBIE MOAeny OyAyT MPOXOAUTH MHOTOITANHYIO BEPU(UKAIINIO HA HCTOPHIECKUX
U ONCPaTUBHBIX MTaHHBIX C HCIOJIB30BAHHUEM COBPEMCHHBIX METPHUK KadeCTBa (BKJ’II-O‘-Iaf{
BEPOATHOCTHBIE W NPOCTPAHCTBCHHLIC I/IH]II/IKaTOpI)I), a TaKKE TECTUPOBATHCA B paMKax
MIMJIOTHBIX IIPOEKTOB B COTPYJHUYECTBE C PErMOHAILHBIMH yIIpaBiIeHUIMH Pocrunpomera u
3aMHTEPECOBAaHHBIMH BEJIOMCTBAMHU.

Pa3BuTne MOJENFHOTO KOMILIEKCA M Hay4HOW 0a3bl obOecrieunT nepexo K Gpu3niecku
LEJIOCTHOMY, MAacIITa0MpyeMOMY M aJalTHBHOMY IPOTHO3WPOBAHUIO, CIIOCOOHOMY
OTBEYaTh BHI30BAaM KaK ONEPAaTHBHOI'O PEArnpOBaHUsI, TaK U JOJITOCPOYHOTO TUIAHUPOBAHUS
B YCJIOBHSIX TIIyOOKHMX KIIMMAaTHYECKHUX U THJIPOJIOTMIECKUX TPaHC(HOpMAaIHi.
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2.5. Hanpaenenue: «Pacuupenue 06beKmog u cepeucos npozHo3uposanusn»

CoBpeMEHHBIE  COLMAIBLHO-JKOHOMUYECKHE ¥ TEONOJUTHYECKHE  NPHOPUTETHI
Poccuiickoit denepannu, BKIIOYas OCBOGHHE APKTUKH, Pa3BUTHE BHYTPEHHETO BOJIHOTO
TPAHCIOPTa M yCTOWYNBOE (PYHKIIMOHMPOBAHWE MPHOPEHKHON WHPPACTPYKTYPHI, TPEOYIOT
CYIIECTBEHHOTO  pacuMpeHust  reorpagui W TEeMaTHKH  T'HIPOJIOTMYECKOTO
NPOTHO3UpOBaHus. TpanulIMOHHAs CHCTEMa, OPUEHTHPOBAaHHAs IPEHMYIIECTBEHHO Ha
NIPOTHO3bl YPOBHS BOJABI M IAaBOJKOB B CPEIHEM TEYCHUHM KPYIHBIX DPEK, CTaHOBUTCS
HEJIOCTaTOYHOH aiisi oOecrievyeHHss KOMIUIEKCHOM BOJHOIM 0€30macHOCTH M HOAJEPIKKU
OTpacieBBIX pelleHHd. B 3Toif cBs3m crpaTteruyeckoe HampasieHue «Pacmmpenue
00BEKTOB ¥ CEpPBUCOB IPOTHOZMPOBAHUS» HAIEIEHO HAa THPAXHPOBAHHE IEPEIOBBIX
METO0OB Ha HOBBIE TEPPUTOPHM M CEKTOpa OHKOHOMHKH, a TaKKe Ha CO3/aHHE
CHELHATN3UPOBAHHBIX, TI0JIb30BATENH-OPHEHTHPOBAHHBIX ITPOTHO3HBIX TPOIYKTOB.

2.5.1. Pasgumue cucmemul npocro306 011 Apkmuueckoti 30461 P@

Apkrruyeckass 30Ha Poccuiickoit ®@enepanuu  XapakTepuU3yeTCsl  YHUKAJIbHBIMU
THIPOJIOTHYECKHMH YCIOBUSAMH: KOPOTKUM IEPHOIOM CTOKA, BEICOKOM YyBCTBUTEIBHOCTBIO
K TEMIEPAaTypHBIM aHOMAJIUAM, CIIOKHOW JUHAMUKOH JIEJOBBIX SBICHHN M 3HAYUTEIBHON
POJIBIO0 MEP3II0THI B POPMHUPOBAHHMH CTOKA. B HacTosiIiee BpeMsi cCHCTeMa MHPOJIOrHYeCKOTO
MOHUTOPHHIA ¥ TPOTHO3MPOBAHMS B 3TOM pEruoHe ocTaércs (parMeHTapHoil. B pamkax
JAHHOTO HAINpPaBJICHMSA IUIAHUPYEeTCA CO3/[aHHE CIEHUATU3UPOBAHHON IMOACHCTEMBI
IIPOTHO3UPOBAHUS, BKIFOYAIOIICH:

— aJanTHpPOBaHHbIE K KpHOJaHImApTaM THAPOJIOTHYECKHE MOJEIH C Y4ETOM
MIPOLIECCOB TasiHHUS CHETA W JIbJA, TEPMOKApCTa W CE30HHOTO IPOMEP3aHMs/OTTanBaHMS
MIOYB;

— TIPOTHO3BI JIC[IOBBIX YCIOBMH Ha peKax M MNPHOPEKHBIX aKBAaTOPUSIX C
3a0aroBpeMeHHOCTHIO 10 10 CyTOK;

— OIEHKU PHCKOB 3aTOIUICHUS MOCENKOB M MHPPACTPYKTYPHBIX OOBEKTOB B IEPHO]
BECEHHET0 MOJ0BOJIbS U JETHE-OCEHHUX MaBOJKOB.

Ocoboe BHHUMaHHE OyJIeT YAEICHO MHTETPallid JaHHBIX CIIYTHHKOB «ApPKTHKa-M»,
Ha3eMHBIX HAOMIOAEeHMI M Mojenel 3eMHOH CHCTEeMBl Al oOecredeHus HaJEKHOCTH
IIPOTHO30B B YCJIOBUSAX AKCTPEMAIBHON HECTAIIMOHAPHOCTH KIIMMaTa ApKTHKH.

2.5.2. Co30anue cucmemul ONepamueHo20 NPOSHOZUPOBAHUS 2UOPOJIOUYECKOU 00CMAHOBKU
8 YCMbesblX 001aCmsX 6CEX KPYIHBIX PEK

VYcreeBble obsnacTu pex (BKiIrovast neiabThl Bonru, Jlensr, O6u, Ennces, AMypa u ap.)
NIPE/CTABISIIOT COOOM CIIOXKHBIE THIPOJMHAMHYECKHE CHUCTEMBI, TJ€ B3aUMOJCHCTBYIOT
PEYHOI1 CTOK, NMPUINBHO-OTIIMBHbIE KOJIeOaH!sI, BETPOBBIE HArOHBI U JIEJOBBIE Mponecchl. B
HacTosIIee BpeMs MMPOTHO3MPOBAHME B 3THX 30HAX OCYLIECTBISETCS (parMeHTapHO U 0e3
yuéra Mopckux (akrtopoB. Ilmanupyercss pa3paboTka W BHEAPEHHE EAMHOW CHCTEMBI
OTIEPaTHBHOIO NMPOTHO3MPOBAHMUS I'MPOJIOTNIECKONH OOCTAHOBKH B YCThSIX, OCHOBAaHHOW Ha
CBSI3aHHBIX MOJIEIIAX «peKa—ycTheBast obmacTe—Mopey». Cuctema Oynet obecriednBaTh:

— TPOTHO3BI yPOBHEH BOJBI C YYETOM COBMECTHOTO BJIMSHHUS PEYHOIO CTOKA H
MOPCKHX yCIIOBUIi;

— OIIEHKY PHCKOB CTOHOB M HAarOHOB, BEIYIINX K 3aTOIUICHUSIM WM 0OMEIIEHUIO;

— MOHMTOPHHT U NPOTHO3 IPOHUKHOBEHHSI COJIEHBIX BOJ B IIPECHOBOJHBIC YYACTKH,
YTO KPUTHYHO JJIS1 BOJOCHAOXKEHUS M SKOCHCTEM.

Peanu3anust JaHHOTO KOMITOHEHTA ITO3BOJIUT MOBBICHUTH O€30MACHOCTh HAaceJIeHHs U
nH}pPacTPyKTypHl B MPUOPEKHBIX paifoHax.

2.5.3. Passumue cepsucos 0isi cy0oxo0cmea, 600H020 MPAHCROPMA U NOPMOGOU
ungpacmpyxkmypol
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Boaneie nytu Poccun urparoT KiIHOYEBYHO poJib B TPAHCHOPTHOW CUCTEME CTPAHBI,
0COOCHHO B YHANEHHBIX pernoHax. i MoAmep KW ycTOWYHMBOrO (hyHKIMOHHPOBAHUS
BHYTPEHHETO BOJHOTO TPAHCIOPTa M MOPTOBOH HHMPACTPYKTYpHl OyAyT pa3paboTaHBI U
BHEJ[PEHBI CIICIINAITN3UPOBAHHbBIE THAPOIOTHYECKUE CEPBHCHI, BKIFOUAIOIIIUE:

— NPOrHO3bl TIIYyOMH W  YpOBHEH BOABI Ha CYNOXOAHBIX ydacTKaXx ¢
3a0J1aroBpeMEHHOCTHIO 10 10 CyTOK;

— OLCHKU YCIIOBUH JIe[joXoJa M JIeJOCTaBa /s IUIAHMPOBAHMS HABUTAIIMOHHOTO
HEPUOAA;

— BEpOSATHOCTHBIE TIPOTHO3BI PUCKOB OOMEJICHHSI, 3aTOPOB M IITOPMOBBIX MOIBEMOB
B IIOPTOBBIX AKBAaTOPUSIX;

— HMHTEPAKTUBHBIE KapThl THUAPOJIOTHYECKOH OOCTaHOBKM, WHTCTPHPOBAHHBIC B
CHCTEMBI yNPaBICHUS (DIIOTOM U JIOTHCTHKOM.

CepBuchel OynyT pa3pabarsiBaThesi B TECHOM B3ammopeiicTBuu ¢ PocMoppeucdmorom,
OI'VII «PocmopmnopT» W omeparopaMd BOJHOTO TpaHCIIOpTa, ¢ y4ETOM TpeOoBaHHU K
TOYHOCTH, ()OPMATy ¥ BPEMEHH JIOCTABKH MH(OPMAITHH.

Pacmpenne OOBEKTOB M CEPBUCOB IIPOTHO3MPOBAHMs OOECIEUUT IEepexoj] OT
YHUBEPCAJbHBIX, YCPEAHEHHBIX MPOIYKTOB K AU(PQEpeHIPOBAHHBIM, TEPPUTOPUAIBLHO U
(YHKIMOHANBHO  CHELUUAIM3UPOBAHHBIM  PEIICHUSM, OTBEYAIOIIUM  IMOTPEOHOCTSIM
CTpaTernvecky Ba)KHBIX PETHOHOB U OTpaciell 3KOHOMHUKH.

2.6. Hanpaenenue: «Humezpayus u mexcoynapooHoe compyoHuuecmeo»

B ycnoBusix rno6aibHOI B3aMMOCBA3aHHOCTH KIMMAaTHUECKUX M THAPOJIOTMYECKUX
MPOLIECCOB, a TAKXKE€ pOCTa TPAHCTPAHWYHBIX PUCKOB, CBSA3aHHBIX C BOIHBIMH PECYpPCaMH,
MEXyHApPOJAHOE COTPYIHHUUYECTBO CTAHOBUTCS HEOTHEMIIEMBIM JJIEMEHTOM HALMOHATIBHOMN
CTpaTeruu pa3BUTHS THAPOIOTUYECKOTO INPOTHO3WPOBAHWS. YdacTHE B TIIOOAIBHBIX H
PETHOHATBHBIX WHHUIOMATHBaX MO3BOJIIET HE TOJNBKO OOMEHHBATHCS JaHHBIMH H
HNEPENOBBIMA TMPAKTHKAMH, HO M YKPEIUIATh TEXHOJOTHYECKHH CYBEPEHHTET depe3
COBMECTHYIO pa3pabOTKy CTaHIapToB, Mojened u uHppacTpykTyp. Crparermueckoe
HanpasiyieHue «MHTerpanus u MexAyHapOAHOE COTPYIHUYECTBO» HALIEJIEHO HA MOBBILICHUE
ponu Poccuiickoit ®enepauuy B MHUPOBOM THAPOMETEOPOJIOTMUECKOW CHUCTEME U
YKpeIUIeHue €€ MMO3ULUN KaK BeIyIEero HEeHTpa KoMIeTeHuil B EBpa3uiickoM peruoHe.

2.6.1. Akmugnoe yuacmue 6 2nooanvhvix cucmemax (GMAS BMO) u unuyuamusax (Early
Warnings for All)

Poccust Oyner pacivpsiTh cBOE ydacTHe B paMKax BceMHpHOM MeTeopoIornuecKoit
opraamzamuu  (BMO), B dWacTHOCTH B peanm3anuu [100anbHON MYJIBTHCEKTOPATbHOMN
CHCTEMBI TpenympexaeHus o0 omacHbIX sBieHusX (Global Multi-hazard Alert System,
GMAS) u naunmatuss! «Early Warnings for All» (EW4All), sxmrogast:

— obecriedeHue ornepaTHBHON Nepenaddl HAlMOHAIBHBIX MIPOJIOTHYECKUX JAaHHBIX
B TII00aNIbHBIE TICHTPHI cOopa u pacupoctpaneHus napopmanuu (GISC);

— aJanTaluio HalUMOHAJIBHOW CHCTEMbl MPEAYNPEKACHHS K MEXIYHAPOIHBIM
cra"gaptam GopmaToB U mpoTokonoB (Hanpumep, CAP — Common Alerting Protocol);

— ydacTue B pa3paboTKe W TECTHPOBAHUH TIOO0ATBHBIX aHCAMOJIEBBIX MPOTHO30B U
BEPOSITHOCTHBIX MPOJYKTOB, OPUEHTUPOBAHHBIX Ha IOIJCPIKKY YSI3BUMbBIX CTPaH.

2.6.2. Passumue 08yCMOpPOHHE20 U MHO2OCOPOHHE20 0OMEHA OAHHBIMU U MEMOOUKAMU,
ocobenno co cmpanamu CHI”

VYuuTeiBass OOIIHOCTH TPAaHCIPAaHWYHBIX PEYHBIX OacceiiHOB (Amyaapbs, Crelpaapbs,
VYpan, [lon, 3amagnas JIBuHa W 1p.), ocoboe 3HaueHHWE MPHIAETCS YKPEIUICHUIO
corpygHudectBa ¢ rocynapctBamu  CoxapyxectBa  HesaBucumbix  T'ocymapcts.
IMnanupyercs:

— CO31aHHe COBMECTHBIX HM(POBHIX IIaThop™ Ui oOMeHa TMAPOJIOTUYECKHIMHU U
METEOPOIOTHIECKUMH TAaHHBIMH B PEXKIME PEaTbHOTO BPEMEHH;
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— TapMOHHM3alIUsl  METOAWK  TPOTHO3MPOBAaHMS WM KPHTEPHEB  OMNACHBIX
THAPOJIOTUIECKUX SIBICHUH;

— TIPOBE/ICHHE COBMECTHBIX YUCHHMH IO PEarMpOBAHUIO Ha MABOAKH U 3aCyXH;

— Ppa3BUTHE MPOrPaMM HNOATOTOBKH U MOBHIMICHNSA KBUTN(HUKALNK CIENHATNCTOB Ha
0aze pOCCHICKUX YUEOHBIX U HayYHBIX LIEHTPOB.

2.6.3. [osuyuonuposanue Poccuu kax pecuonanvhoeo yenmpa komnemenyuti 6 ooracmu
2UOPOJIO2UYECKO20 NPOSHO3UPOBAHUSL

Ha ocHOBe HAKOIJICHHOTO OMBITA, HAYYHOTO MOTCHIMANIA U YHUKAIBHBIX MPUPOIHBIX
YCIOBHH (apKTHUYCCKUE TEPPUTOPUU, KPYIMHCHIINE PEUHBIC CHCTEMBI, 30HBI MHOTOJICTHEH
Mep3noThl) Poccust OymeT pa3BUBATh CTAaTyC PErHMOHANBHOTO ICHTPA KOMIICTCHIMHA I10
THIPOJIOTHIECKOMY TPOTHO3UPOBaHHIO B pamMkax BMO w© npyrux MeXIyHapOIHBIX
CTPYKTYD [5-8], 9uTO TIpearmonaraet:

— YUpeXICHHE CIICIUATU3NPOBAHHOTO IICHTPa IIEPEJOBOTO OIBITA IO THUAPOJIOTHH B
cocraBe Pocruapomera wiM Tpu BEXyNINX HAYYHBIX opraHm3amusax (Hampmmep, ['TH,
AAHWUN umu UBIT PAH);

— TpOBe/eHHE MEXKIYHApOJHBIX KOH(EpeHUMH, IIKOI W CEMHHApOB IO
COBpCMeHHI)IM MeToaamM HpOFHO3I/IpOBaHI/I§I;

— OKa3aHHe TEeXHUYECKOW IMOMOIIM U KOHCYJIbTAllMOHHOW TMOAJIEPKKH CTpaHaMm
EBpaszuu B MOAEPHU3ALUHN UX THAPOIOTHIECKHUX CITYXKO.

Takast posib HE TOJBKO YKPENHUT HAYYHO-TEXHUYECKOoe BIUsHUE Poccuu, HO U cO3/1acT
yCJ'IOBI/IH JJIs HpHBJ’Ie‘IeHHﬂ Me)KI[yHapOI[HLIX peCprOB U COBMECTHBIX HCCHe[[OBaHHﬁ,
HaTpaBJICHHBIX HA pelIeHUe OOMNX KIMMATHICCKUX U THAPOJIOTHICCKAX BEI30BOB.

COOTBETCTBEHHO,  HWHTETpAllisi B  MEXIYHApOAHOE  THIPOMETEOPOIIOTHUECKOE
COOOIECTBO ¥ PAa3BUTHE PETHOHAIBHOTO JUACPCTBA CTAaHYT Ba)KHBIMH (hakTopamMu
MOBBIMICHUS I(PPEKTUBHOCTH, YCTOMYMBOCTH M TIIOOANBHOW KOHKYPEHTOCHOCOOHOCTH
PpOCCHICKOH CHCTEMBI THAPOIOTHIECKOTO IPOTHO3UPOBAHUS B TOJITOCPOYHON TEPCIICKTHBE
1o 2035 rona.

3. MexaHu3MBbl peaju3aluy U HejieBble MOKa3aTelu

Jnst obecrieueHus TOCIEI0BATENHHOTO U A(PPEKTUBHOTO JOCTHIKEHHS CTPATErHYeCKUX
1esne pa3BUTHSI TUAPOJIOTHUECKOT0 MporHo3uposanus B Poccuiickoit @eneparnun 10 2035
rojia mpeaycCMOTPEHbI YETKHE ATallbl pealli3aliy, a TAKKE CHCTeMa M3MEPHMBIX LENEBBIX
NoKasaTesyield, OTPaKAIOIMX KaK TEXHOJOIMYECKHH NpOorpecc, Tak M OIEepaluOHHYIO
3¢ PEKTHBHOCTD CUCTEMBI.

3.1. Ymanwv peanuzayuu

Peanmzanus crparerun OyaeT OCyIIeCTBISATECS B [1Ba dTamna (puc. 3), 00ecreunBaromuX
MOJTAIHEIA Tepexol OT HAayJHO-TEXHHYECKOW pa3paboTKH K IOTHOMAcCIITaOHOMY
BHEIPCHHIO B OTIEPATUBHYIO MIPAKTHKY.

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

-~ Y -~ ™

I stan (2025-2030). CozgaHue W anpobauma

HOBBIX TeXHOﬂOFMﬁ, pa3eepTbiBaHWE
MUNOTHBIX CUCTEM

11 atan (2031-2035). MaccoBoe BHEDEHWE
W UHTErPaLMA B ONEpaTUBHYIO MPaKTUKY

Puc. 3. Dransl peanusaiuy CTpaTeruu pa3BUTHS THAPOIOTHYECKOT0 MporHo3uposanus 1o 2035 roga
(pucyHOK aBTOpA)
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— I sram (2025-2030 rr.) — dopMHUpOBaHHE TEXHOJOTHYECKOTO 3afefia M IHIOTHOE
BHEJ[PEHHE.

Ha panHOM »Tame Oyner 3aBepiieHa pa3paboTKa KIFOYEBBIX KOMIIOHCHTOB HOBOM
MpOTHO3HOH cucTeMbl: EnmHOW 1mdpoBOH IUIATGOPMBI THAPOIOTHIECKUX ITaHHBIX,
BEPOSITHOCTHBIX M CBSI3aHHBIX MOJEJeH, CIeHaIU3UPOBAHHBIX CEPBHUCOB JUII APKTHKU H
yCcTheBbIX obOmacteil pek. IlmaHupyercst pa3BepThIBaHHE NHJIOTHBIX IPOEKTOB B
NPUOPHUTETHBIX pervoHax (Hampumep, OacceitHpl pek Bomrw, JleHsl, Amypa), BKIIOYas
TecTupoBaHue aBToMarnzupoBaHHbIX ['VIC-mardopm, aHcamM01eBOro MpOrHO3UPOBAHUS U
WHTErpalliM JIaHHBIX C OecmiIoTHBIX cucTteM. OpHOBpeMeHHO OyneT mpoBeleHa
MOJICpHM3AIMs YacTH HaOJIOAaTeNIbHOW CeTH M HavyaTro OOy4eHHE KaJpoB IO HOBBIM
METOIUKAM.

— II sram (2031-2035 rr.) — wmacmrabupoBaHHWE W HWHTETPAINsI B OIEPATHBHYIO
MPaKTHKY.

Ha stoMm sTane mpou3oiaér nonmHomacmrabHOE BHEIpEHHE pa3pabOTaHHBIX pPEIICHUI
BO BCE TeppUTOpHAIbHBIE OpTaHbl Pocruapomera U 3aMHTEpEeCOBaHHBIE BeOMCTBA. byner
3aBepIIeHO (OPMUPOBAHUE HAIMOHAIBHONH CHCTEMBI MOHHTOPHHIA PYCIOBBIX M YCTHEBBIX
NPOLIECCOB, O0ecneyeHa IOJHAasi WHTErpanys METEOPOJIOTHYECKUX M THIAPOJIOTHYECKUX
MOJIeJIeH, a TAK)Ke 3aBEPIICHO HMIOPTO3aM eIlleHHE KPUTUYECKH Ba)KHBIX KOMIIOHEHTOB.

3.2. Illenesvte noxazamenu k 2035 200y

J1nst 00BEKTUBHO# OLIEHKH Pe3yJIbTATUBHOCTH Pean3aliiy CTPATErHH ONpeeiéH Habop
KOJIMYECTBEHHBIX  IIEJEBBIX  IOKa3aTeliel, COrJacoBaHHBIX C  HAaIlMOHAJIbHBIMHU
MIPUOPHUTETAMH B O0JIACTH KIMMAaTHYECKOH YCTOHYMBOCTH, IHU(PPOBOI TpaHChopManuu H
TEXHOJIOTHYECKOTO CyBEPEHHUTETA!

— J0JIS1 BEPOSTHOCTHBIX MIPOTHO30B B 00IIeM 00BEME THAPOIOTHYECKUX ITPOTHO30B —
He MmeHee 80 %, uro oOecrmeydT mepexo] K YIPABICHUIO PHUCKAMH Ha OCHOBE
KOJINYECTBEHHOW OLICHKH HEONPECIEHHOCTH;

— 3a0J1arOBPEMEHHOCTD JIOITOCPOUYHBIX (CE30HHBIX) IPOTHO30B — yBEJINYEHHE 10 3-6
MeCSLEeB, 4TO MO3BOJIUT 3((GEKTHBHO IUIAHWPOBATH PEXUMBI pabOTHl BOJOXPAHWIIHIL,
CEJIbCKOXO035UCTBEHHBIEC U IIPOTUBOABAPUNHBIE MEPOIIPUSTHS,

— CHIDKEHHE cpeqHel pabodell Harpy3Ku Ha OJHOTO mporHo3ucta — Ha 30 % 3a cuér
aBTOMAaTHU3AlMU PYTHHHBIX oreparuii, BHeapenus: M -accucteHToB U MdpoBbIX miathopm
MOJIAEPKKU MPUHATHS PELICHUH;

— OIPaBABIBAEMOCTh TPEAYNPEKACHUH 00 OIAcHBIX T'MIPOJIOTHYECKHX SIBICHHIX
(OS1) — noBemenue m0 98 %, YTO COOTBETCTBYET JIyYIIMM MHPOBBIM IIPAKTUKAM M
3HAYUTEJIBHO YCHIIUT JOBEPHE CO CTOPOHBI OPT'aHOB BJIACTH M HACEIICHNS;

— MOJIHOE HMMIIOPTO3aMEIICHNE KPUTHYSCKHX TEXHOJIOTMA M IaHHBIX, BKIOUYas
IIPOTrpaMMHOE  OOEcHeYeHHe, CITyTHUKOBBIE TIPOAYKTHI, CEHCOPHl M KOMIIOHEHTHI
HaOmoaTensHOl MHQPACTPyKTyphl, YTO OOECIIEUYUT TEXHOJIOTHMYECKYI0 HE3aBHCUMOCTH U
YCTOIUMBOCTH CHCTEMBI B YCIIOBHSIX BHEITHUX OIPaHUYCHHH.

JlocTmkeHne yKa3aHHBIX MOKa3atesnel OyneT oOecreunBaTbes yepes roCyaapCTBEHHBIE
MIPOTPaMMBI, HAyYHO-TEXHHYECKHE IPOEKTHl, MEKBEIOMCTBEHHOE B3aWMOJIEHiCTBHE U
MEXTyHapOJHOE COTPYIHHYECTBO, a TAK)XKE Yepe3 CO3/IaHHMe ONAaronpUsATHBIX YCIOBHH IS
MPUBJICUCHUST MOJOABIX CIEHUAIUCTOB W IOCTOSHHOTO OOHOBICHHS KaJApOBOTO
MTOTEHIIHAIA.

3akaouenue

Peanuzanus npeanoxeHHON cTpaTeruu pa3BUTUS THAPOIOTHUECKOrO MPOTHO3UPOBAHNUS
0 2035 rona mo3BOJIUT CO3/1aTh COBPEMEHHYIO, TEXHOJIOTHYECKH aBTOHOMHYIO CHCTEMY,
OPHEHTHPOBaHHYI0 Ha KOHKPETHbIE IOTPEOHOCTH BOIAHOTPAHCIIOPTHOTO KOMILIEKCa
Poccun. lludppoBas tpaHcopmanms, Iepexo]y K BEPOSTHOCTHBIM IIPOTHO3aM U
UHTEJIEKTyaIn3aIys CEpPBHUCOB obecrieyaT  KadeCTBEHHO HOBBIII  YpOBEHb
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THAPOMETEOPOIOTHYECKOTO O0ECIICUeHHsI CyJOXOACTBA M NPHUBEAET K MOBBIIICHHUIO
TOYHOCTH ¥ 3a0J1aroBPeMEHHOCTH IIPOTHO30B JIEOBOM OOCTaHOBKH, BOJHEHUS, YPOBHEH
BOJIBI M TEUCHUH Ha KIIFOUEBBIX MOPCKUX MYTAX U BHYTPEHHHUX BOJHBIX apTEPHAX.

BHenpenne cTpareruu TOBIMSET Ha TMOBBIIIEHHE O€30IIaCHOCTH MOpEIUIaBaHUS,
COKpalleHHEe aBapUWHOCTH M HEMpPOM3BOAUTEIBHBIX mpoctoeB (ota. Co3naHue
CHENMaTU3UPOBAHHBIX MPOTHOCTUUECKUX MPOAYKTOB Ul aKBaTOpUN MOPTOB M CHCTEM
NOJAEPKKM TPUHATHA peIHIeHUil 1 KalmuTaHOB M CYJOBOAUTENEH  MO3BOJIUT
ONTUMU3UPOBATH JIOTUCTUKY, MHHUMHU3UPOBATh PUCKU MOBPEXKJCHHUS CYAOB U INOPTOBOM
nHQPaCTPYKTYpHI U, KaK CIEJCTBUE, CHU3UTh 3KCIUTyaTallMOHHBIE N3AEPIKKU OTPACIIH.

KiroueBbiMM  (pakTOpaMu  yCHENIHOW peajM3alid CTPAaTerMH IMPUMEHUTENIBHO K
TPaHCIIOPTHOU cepe ABIAIOTCA:

— 3(dexTHBHASI MEKBETOMCTBEHHASI MHTETPALHSL, BKIIIOYAs TECHOE B3aNMOJICHCTBHE
Pocruppomera ¢ Muntpancom, PocMoppeudnoTom, aaMUHHCTpanUsSMH IOPTOB U
CYJIOXOIHBIMH KOMIIAHUAMH /I OOECIICYEHHs] aJpECHOCTH M INPAKTUYECKOH IIEHHOCTH
MIPOTHOCTUYECKON HH(OPMAIHY;

— LCJICBOC (l)I/IHaHCI/IpOBaHI/IC U HWHBCCTUIIUH, BBIACJICHHUC CPCIACTB HE TOJIBKO Ha
MOJEpHU3AIMI0  HAOMIOJAaTeNbHOM ceTM B I€JOM, HO W Ha pPa3BepThIBaHHE
CIICIHUAIU3UPOBAHHBIX U3MEPUTEJIbHBIX KOMIIJICKCOB B aKBATOPUAX MOPTOB U Ha Y3JIOBBIX
y4acTKax BHYTPECHHUX BOJHBIX IIyTEH;

— KaApoBO€ M Hay4yHOe OOeclieueHHe, B TOM YHCIE NOATOTOBKA CIEIHAIUCTOB,
CHOCOOHBIX Pa0OTaTh Ha CTHIKE T'MAPOJIOTUH W TPAHCIIOPTHOW JIOTHCTHKH, W OPUEHTAIMs
HayYHBIX HCCJICIOBAHMM Ha pa3pabOTKy TNPHUKIATHBIX METOAWK W MOJEIEH,
HETIOCPEICTBEHHO BOCTPEOOBAHHBIX B OIIEPATUBHOM PabOTE TPAaHCIIOPTHOTO KOMILIEKCA.

[TocnenoBarenpHas peanu3anys NPEUIOKCHHBIX HANPABICHUH IO3BOJIUT HE TOJBKO
YCTPaHUTh  CYIIECTBYIOIIME  TEXHOJOTMYECKHE  pPa3pblBBl, HO M BBIBECTH
THIPOMETEOPOIIOTHYECKOe O0ecleyeHne BOJHOTO TpaHcnopra Poccun Ha  ypoBEHb,
COOTBETCTBYIOIIMH COBPEMECHHBIM 3aJadaM M IIOTPEOHOCTSAM YCTOHYMBOTO Pa3BUTHA
oTpaciu.
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Ouenka BJAMsIHUS PadOTHI TPeOHBIX BUHTOB U ra0apuToB
CYJ0XO/THOT0 KAHAJIA HA Pa3MbIB JHA M0 pe3y/JbTaTaM
MaTeMaTH4YeCKOro Mo/IeJTUPOBAHUS IMIPABJINKH MOTOKA

C.C.T'epacumoB

ORCID: 0009-0008-6699-4243

A.H. CutHoB

Bonoicekuii cocyoapecmeennbiii ynugepcumem 600H020 Mpancnopma,
2. Huorenuii Hoszopoo, Poccus.

Annorammsi: Enunas riybokoBomHas cuctema (EI'C), BkmrouaeT B ce0s KpyIHBIC
CYZOXOIHBIE pEKH W KaHalbl, 4YacTh W3 KOTOPHIX IIEPECEKAI0T MaruCTpajJbHbIE
TpybonpoBoasl. [locnenHne, kKak MOKa3bIBaeT NPAKTHKA, 3a4acTyl0 HMEIOT HEOOJBIIyIO
ITyOUHY 3al0KEeHHUs, Y4TO MOXKET NPH OSKCIUTyaTallMd I0J JIeHCTBHEM psma (akTopos
MIPUBOAUTE K BO3HUKHOBEHHUIO OTKJIOHEHUH MX IJIaHOBO-BBICOTHOTO MOJIOXKEHHS. B cBsi3m ¢
3aperyJaupoBaHHOCTRIO OTAENBHBIX CYIOXOIHBIX KaHAJIOB, KOTOPOE COINPOBOXKAAETCS
CHIDKEHHEM CKOPOCTH €CTECTBEHHOTO TEUYEHHs, OCHOBHBIMU (haKTOPAMH, BIUSIOIIMMH Ha
pa3MBIB IHa KaHaa, SBJISIOTCS MOCIEACTBHS ABIDKEHUS cynoB. [loMHMo ckopocTH cynHa, Ha
JOHHYIO 5pO3HMI0 OKa3bIBaeT BIMSHHE CTECHEHHE IUIOIAOM JKUBOTO CEUCHHUsSI KaHaua II0
mypuHe U TIyOuHe u paboTa rpeGHBIX BHHTOB. OIEHHTH BIMSHHE 00ouX (haKTOpOB Ha
HW3MEHEHHE HMHTEHCUBHOCTH JOHHOH 3pO3UM B KaHAJIE MOXKHO C IOMOINBIO BBIMONHEHHS
MaTeMaTHYeCKOTO MOJEIMPOBAaHMA. B MaHHOH cTaThe MPEACTABICHBI PE3yIbTAThI
MaTeMaTHYeCKOTO MOJEIHPOBaHHUA ABIXKEHUS cyaHa mpoekta 5071-020-012 mo kanamy u
JlaHa OLICHKA BIMSHUS HCCIEAYeMBIX ()aKTOPOB Ha Pa3MBIB JHA.

KuarwueBble ciaoBa: 0e€30MacHOCTh CyaoxoaCcTBa, MAaTeMaTHYCCKOE MOICIUPOBAHUE,
BBIYUCJIIUTEIbHAA TUAPOJUHAMUKA, CyZ[OXOZ[HBIﬁ KaHasl

Assessing the impact of propeller operation and the dimensions of
the shipping channel on bottom erosion based on the results of
mathematical modeling of flow hydraulics

Sergey S. Gerasimov

ORCID: 0009-0008-6699-4243

Aleksandr N. Sitnov

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract: The Unified Deepwater System (UDS) includes major shipping rivers and canals,
some of which are crossed by main pipelines. The latter, as practice shows, are often shallow,
which, during operation, can lead to deviations in their planned and vertical positions under
the influence of a number of factors. Due to the regulation of individual shipping channels,
which is accompanied by a decrease in the natural flow velocity, the main factors influencing
channel bottom erosion are the effects of vessel movement. In addition to vessel speed,
bottom erosion is affected by the narrowness and depth of the channel's cross-sectional area
and the operation of propellers. The influence of both factors on changes in the intensity of
bottom erosion in the channel can be assessed using mathematical modeling. This article
presents the results of mathematical modeling of the movement of a Project 507G-020-012
vessel through the canal and provides an assessment of the influence of the studied factors on
bottom erosion.

Keywords: shipping safety, mathematical modeling, computational fluid dynamics, shipping
channel
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BBenenne

CynoxoncTBO Ha BHYTpPEHHHX BOAHBIX IyTsx (BBII), B wacTHOoCTH — Ha CymZOXOJHBIX
KaHallaX, OKa3blBAacT aKTHBHOE BIHMAHHE HA pYyCIOBbIC Nepe)OPMHUPOBAHMSI 3a CUET
BO3HHKHOBEHHS JOMOJHUTENBHBIX THAPOJHHAMHIECKIX MPOLECCOB O] AHUIIEM CyJHA U B
npuiexamux obnactsax [1]. Ilpu oTcyTcTBHM Ha psiae KaHAIOB €CTECTBEHHOTO TEUEHHS, B
CBA3M C MX 3aperyJHUpOBAHHOCTHIO, WHTEHCUBHOCTh T'MIPOAMHAMMYECKHX IPOIECCOB
3aBUCHT, B TOM YHUCJIE, OT CTEIIEHH CTECHEHMsI TUIOLIA M )KUBOTO CEUCHHUS KaHaja U paboTh
CYJIOBBIX IBIDKHTENEH. DTO HMMeEeT BaKHOE 3HA4YEHHUE JUIsl OOECHeuYeHHs] YCTOHYMBOCTH
TIOJIBOIHBIX MEPEXO0JJ0B MArMCTPANIBHBIX TPYOOIPOBOJOB OT pa3MbiBa aHA. Kakoe BiusHuUE
OKa3bIBalOT 00a (pakTopa Ha THIPOJUHAMHYECKHE IPOLECCH BOJIM3M JHA KaHala MOXKHO
BBIIBUTH C HCIIOJIb30BAHUEM MAaTEMAaTHYECKOTO MOJICTTHPOBAHNS.

MarepuaJjbl 1 MeTOABI

Jnst ompeneneHus CTeTIeH: BIMSHUSA PaOOThI CyJOBBIX IBIDKUTENCH U IJIOIMAAN KUBOTO
CCUCHHMS KaHalla Ha THAPOANHAMUYECKHE MPOIIECCHl BOJIM3M HA KaHaia Obuta pa3paboraHa
MaTeMaTHdecKast MOZIeyb, KOTOpask BKIIIOYAET B Ce0s CyTHO M yIaCTOK CYIOXOIHOTO KaHaja.
CyIHO COCTONT M3 KOpIyca M ABYX ABMKHTENEH (TpeOHBIX BUHTOB) C BHELIHUM IHAMETPOM
1,8 M. YuacTok kaHana npotspkeHHocThio 1970 M, mupunoit B, 40,1 M, 50,1 M u 70,1 M,
riryouHo#t H, 4,5 M. JIng onmcaHus TypOyIIEHTHBIX POIIECCOB, BO3HUKAIOIINX B KaHAJE TIPH
JBIDKEHUH CYIHA U paboTe TpeOHBIX BUHTOB, ObUIA BEIOpaHa MoAenb TypOyneHTHOCTH K —
Epsilon [2][3][4][5]

B kauectBe pacyeTHOro wucnoib3dyerca cynHo mnpoekta 507I-020-012, ocHoBHbIE
XapaKTEPUCTUKN KOTOPOTO MPHUBECHBI B TabHIe 1.

Tabnuya 1
XapakTepucTUKH cyaHa npoekta 507I'-020-012
[Tapamerp 3HayeHue

Jnvna, M 135,0

upuna, M 16,5
Ocajnka, M 3,5

Bononsmenienue, T 6710
Konn4ecTBo rpeOHBIX BUHTOB, IIT 2
Jluamerp rpeGHOro BUHTA, M 1,8

bruta paspaGoTaHa TreoMeTpHsl pPAacYeTHOIO CYAHA, MpeACTaBlIeHHas ero oOrei
KOH(pUrypanueii ¥ OCHOBHBIMH 3JICMEHTAMH B BHJEC KOPMOBOW M HOCOBOW YacTed u
rpeOHBIX BUHTOB. J[JIs1 Ka)JOro »JJeMeHTa MaTeMaTHYeCKOW MOJENH CreHepHpoBaHa
00BEMHAsT pacueTHas CeTKa, XapaKTepPHU3YIollascs KOJHMYECTBOM U (HOPMOW sucek.
I'eoMeTpust pacueTHOro cyaHa MpejacTaBieHa Ha pUCyHKe 1.

Puc. 1. O6mas koHpHUTypanus cyaHa

Jli MaTeMaTHYecKOro MOJAETMPOBAHUS ABIKCHHS CyIHA HCIIOJIBb30BaHA 3aBUCHMOCTH
CKOPOCTH XOJla Cy/JHAa Ha THXOW BOJIe M YacTOThl BpallleHHs ero ABWkuTenei. Takas
B3aMMOCBSI3b UMEET BHJ KPHBOM, KOTOpas CTPOMTCS HA OCHOBE PE3yJIbTaTOB TATOBBIX
pacuetoB. [{ns cyaHa nmpoekrta 507I'-020-012 Taxast 3aBUCUMOCTb NPECTABIEHA HA PUCYHKE
2.
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Puc. 2. 3aBUCHMOCTBH CKOPOCTH CyJTHA OT YKCIIa 00OPOTOB JBHKHUTEIICH

Jnst MozienupoBaHusl NMPHHATa CKOPOCTh JIBWXeHMs cynna V. = 10,0 km/4, xotopas
JIOCTHTaeTCs, B COOTBETCTBUH C MPEACTABICHHBIM BhIIIE TpaduKoM, Mpy BpaleHUH 000uX
JBIDKUTENEH ¢ yacToToi w, = 147,14 06/MuH.

MareMaTHueckasi MOJeNb paccuMTaHa B 4eThIpex Bapuammsax: M1, M2, M3 u M4,
XapaKTEePUCTUKU KOTOPBIX NPUBENICHBI B TAOIUIIE 2 1 Ha PUCYHKE 3.

Tabauya 2
OcHOBHbIE XapPaKTePUCTUKH BapUALMHA MaTeMaTHYECKO Mo/l
Ne Ckopocts | CkopocTb [Mnomans Mupuna | ['mybuna | Monenupyemoe
BapHaluu CyIHa, BpAILEHMs | TOMEPEYHOro | KaHaua, KaHaua, BpeMst
KM/4 BHHTOB, CeYeHHUS M M JIBHOKCHHS
00/MuH KaHasa, M2 CylHa, ¢
Ml 10 0 225,45 50,1 4,5 600
M2 10 147,14 225,45 50,1 4,5 600
M3 10 147,14 315,45 70,1 4,5 600
M4 10 147,14 180,45 40,1 4,5 600
1]
1]
i 135 le
] I — Al
| 1970 |
1 lJ a
|
1-1
M1, M2 M3 Mé
167 16,7 167
(%] £ (Vg (g 7 g
2 Uz I ——
50, .. L 70/ ’ 407 L
4l 4l 7 gl gl Gl
S=225,45 1 S=315,45 1 S,=180,45

Puc. 3. 'eomerpudeckue xapakTepucTuku Bapuauuiit M1-M4
IIpumedanne: pa3mMepsl IPHBEAEHEI B METpax
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Lenpio MaTeMaTHYECKOTO MO/ICITUPOBAHHUS SIBUIIOCH HCCIIeIOBAaHUE
THJPOJMHAMUYECKUX IPOIIECCOB, BO3HUKAIOUIMX BOJM3M [HA KaHAla MPH MPOXOKACHHU
Cy/IHa ¥ OIICHKA BIIMSIHUS Ha HUX TakuX (PaKTOPOB, KaKk paboTa rpeOHBIX BUHTOB C YaCTOTOM
BpameHus @y, 06/MUH, IDIOMAIs XUBOTO CEUSHHI Sy, M " KO3(QPHUINEHT CTECHEHHS
xuBoro ceuenus kanana (). Kodp(uUuMeHT CTeCHEHHs >KMBOIO CEYEHHs KaHaja
oTpeessieTcsl o clieayomiei popmye:

Q= S—C
K
e S, — IIomAIb )KUBOTO CEUEHUs KaHama, M?;
S, — MIomask )HUBOTO CEUEHHUS KAaHANA, IepEKphIBacMas KOPIyCOM CyaHa, M2,

Jns wmccnenoBaHWS THAPOAMHAMHYECKHX IIPOIIECCOB, BO3HMKAIOMIMX BOMW3M JHA
KaHaia, ObUT CO3JaH KOHTPOJIFHBIH WHAWKATOpP — IUIOCKOE CEYeHHE, PACIIOIOKEHHOE Ha
paccrosauu 0,1 M OT 1Ha KaHa’a.

B mporecce moaenmupoBanus HUKCHPOBAIaCh MAaKCHMAIIbHAS! CKOPOCTh IBHYKCHUS BOJIBI
Vinax B 33JaHHOM KOHTPOJIbHOM WHIMKATOpPE, YTO MO3BOJIUT CAEIaTh OOIIHE BBIBOJABI O
BIMSIHAW Pa0OTHI IBHXKUTEICH U IJIONIATH KUBOTO CCUCHHS KaHaIa Ha THIPOAMHAMHUYCCKUC
MPOIIECChI, BO3HUKAOIIUE BOIM3H JHA U €T0 Pa3MBbIB.

Pe3yabTaTsl

[To pe3ynbraTaM MpoBeiEHHs MaTeMaTHYECKOTO MOJIEIUPOBAaHHS NOCTPOSHBI rpapuKu
H3MEHEHHs] MaKCUMAaJbHOW CKOPOCTH TEYEHHs BOJIM3M JHA KaHalla PU JBIKCHUH CYIHA C
BpalleHHeM U 0e3 BpallleHHs ABMKHUTENEH, a TAK)KE NPU JIBI)KCHHUH CyJlHAa Ha KaHalle pa3sHOU
IIAPUHBl ¥ TIIyOWHBL JlOMOMHHUTENPHO HAa TpaduKyM HAHECEHBI OCPEIHEHHBIC 3HAYCHUS
MaKCHMaJIbHOM CKOPOCTH Te4eHHs BOIM3H AHA KaHana. ['paduku mpruBeeHs! Ha puCyHKeE 4.

2,50

(=]
[
L

o o
= 2,08 e
(] %
E 2,00 P04
g 1,94
[
m
H
.
2 1.50
]
W
I
L)
(=
-]
=
(&)
21,00
gL
(&)
>
-]
o
=]
5
g 0,50
2
0
=
PpasTroH CcyIHa JBIDKCHIIE CYIHA C TOCTOSAHHOI CKOPOCTBHD
0.00
0 100 200 300 400 500 600
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Puc. 4. I'padukn H3MEHEHNSI MAaKCHMAJIBHON CKOPOCTH TEUSHUsI BOJIM3HM THA KaHaIa
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JJis HaTTSAHOCTH, MOHUTOPHHT W3MEHEHHUS CKaJSIPHOTO CKOPOCTHOTO MOJS IOTOKa B
mpoIiecce MOJEIHPOBAHUS OCYIIECTBISETCS C IOMOIIBIO CHENHATBbHBIX CIEH, OIHA W3
KOTOPBIX IPEACTaBICHA Ha PUCYHKE 5 B pa3HOM MacIITade MpeCcTaBICHNUS.

Solution Time 430.8 (s)

]
Velocity: Magnitude (m/s)
Y 0.00022432 0.042326 0.084428 0.12653 0.16863 0.27073
-Z -X
Solution Time 430.8 (s)
Velocity: Magnitude (m/s)
Yy 0.00022432 0.042326 0.084428 0.12653 0.16863 0.21073

Solution Time 430.8 (s)

Veiacity: Magnitude (m/s)
¥ 0.00022432 0.042326 0.084428 0.12653 0.16?63 0.27073

Puc. 5. CxansipHoe CKOPOCTHOE T10JIe TIOTOKa Ha MOMEHT BpeMeHH 430,8 ¢

O6paboTka rpapuKOB MO3BOJIAJIA TONYYUTh OCPEAHCHHBIC 3HAYCHHS MAaKCHMAallbHOU
CKOpOCTH TEYEeHHs BOIHM3M JHa KaHaia. Pe3yibTaThl MpeAcTaBieHBl Ha PUCYHKE 6 U B
Tabnuie 3.

Tabauya 3
Pe3yabTaThl MaTeMaTH4e€CKOT0 MOIETHPOBAHHUS
Ne papuanuu Ml M2 M3 M4
MaxkcumainbHasi CKOpOCTb TEUEHMs y JIHA KaHaa, 2,04 2,08 1,94 2,23
M/c
Ko3thduIimeHT cCTecCHeHHUS JKUBOTO CEUCHHsI KaHala 0,26 0,26 0,19 0,32

[To momy4eHHBIM 3HAYCHHUSM OBUTH TOCTPOCHBI IPpa)UKKH 3aBUCUMOCTH MAKCUMAaIbHON
CKOPOCTH TEYCHHUs BOJM3U THA KaHama V., OT IUIOMIAAM JKMBOTO CEYCHHUS KaHaga S, U
k03 unmenTa crecHeHus KUBOTro ceueHus () (pUCYHOK 7).
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2,35

2,30

12,23

MaxkcumansHas CKOPOCTB TEUEHHA Y JHA, M/c

150 200 250 300 350 400 450 500 550 600

Bpems, ¢
—M] —M2 —M3 —M4

Puc. 6. MrHoBeHHBIE 1 OCpETHEHHBIE 3HAYCHHUSI MAKCHMAIBHON CKOPOCTH TEYECHHSI BOJIM3HU JTHA
KaHaa

KoaqurmenT cTecHeHHs ceueHNs KaHaa
0,15 0,2 0,25 0,3 0,35
2,25

2,20
2,15
2,10

2,05

MaxkcumansHast COPOCTE TeUeHHA Y JHA KaHala , M/c

150 200 250 300 350
IInomank XKUBOTO CEYSHILA KaHaIa, M2

= 1momaas KHBOTO CeueHHA ——Koa(hpunuenT crecHeHHs

Puc. 7. I'padmk 3aBHCHMOCTH MaKCUMAIIbHOI CKOPOCTH TE€UEHHS BOJIHM3H JHA KaHaja OT TUIOIa i
JKMBOT'O CEUeHHsI KaHaa 1 Kod(UIIMeHTa CTECHEHUS

BwMmecte ¢ TEM, BOHNPOC BJMAHHA CTCCHCHUA IUIOIIAAN KUBOIO CCEYCHUA KaHajla Ha
TUAPOANHAMUNYCCKUE MPOLCCChL BOIU3HU JHa Ipe6yeT Ooiee ACTAJIbHOTO PACCMOTPCHUA. Tak
KaK IUIOIaAb IIONEPEYHOTO CEYCHHA KaHalla HpﬂMOYFOHLHOfI q)OpMLI OIpEALIIACTCA
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MIPOM3BEACHUEM IIMPUHBI HA TIyOWHY, II€1eCO00pa3HO HCCIENOBaTh BIHMSHHE KaXIOTO
IapaMeTpa Ha BEJIWYMHY CKOPOCTH TEUCHHMs y IHA KaHana. [ 3Tux neieit pa3paboTaHsl U
paccunTaHbl TPH BapHallMK MaTeMaTHYCCKON MOJEIH, ONMCHIBAIOIICH ABMKEHHE CYIHA I10
KaHaIy co ckopocThio 10 km/4. Bapuarum oTiamgaroTcs MeX Iy coO0l mapaMeTpaMu KaHaja.
XapaKkTepuCTUKU Bapualuil MoAenu M pe3yibTaThl MaTeMaTHUYECKOTO MOJAEIMPOBAHUS
NIPEe/ICTaBIICHBI B TaOHLE 4.

Tabauya 4
Pe3yabTaThl 9KCIIEpHMeEHTA
Ne upuna I'my6una [Tnomans Koaddumnuent MaxkcumanpsHast

BapHalld | KaHaJla, M | KaHala, M | MOIEpPEeYHOro CTECHEHHS CKOPOCTb TEUCHHS
cedyeHust, M2 y JIHA KaHaja, M/C

1 50,1 4,5 225,45 0,26 2,08

2 50,1 5,0 250,50 0,23 1,52

3 70,1 4,5 315,45 0,19 1,94

[o pe3ynpTaTamMm MaTEeMaTHIECKOTO MOIEIUPOBAHIS ITOTyYEHO, YTO:

— NpH yBENWYEHWM INUPUHBI KaHama Ha 20 M (Ha 40%), mpu ogMHaKOBOW TiIyOumHE,
MaKCHUMallbHasi CKOPOCTh TeUCHHS BOJIM3HM THA YMEHbIIaeTcs Ha 6,73%;

— IIpY yBENMUYCHUH TyOmHbl KaHana Ha 0,5 M (Ha 11%), mpn oxMHAKOBOI MmMpHHE,
MaKCHUMallbHasi CKOPOCTh TCUCHHS BOJIM3H JHA KaHalla yMeHbIIaeTcs Ha 26,92%.

AJICKBaTHOCTh pE3yIbTATOB MOJICIUPOBAaHMA Obla MONTBEpKICHA C IMOMOIIBIO
MaTeMaTHYECKUX KPUTECPHEB (PU3UMYHOCTH MOJIENH, B YACTHOCTH OBUT HCIIOJIB30BAaH
kpurepuii Kypanra-Opunpuxa-Jlesu (CFL) [6], 3HaueHHE KOTOPOTO Ha MPOTSDKEHIH BCETO
pacueTa MOJENN HE TPEBHIMIANIO JOIYCTHMOW MaKCHUMAaJIbHON BEIMYMHEBI, a B OTACIBHBIX
00J1aCTSIX MOJICTH €T0 3HAUYCHUE TOCTHUTAIO SIMHHUIIBI, YTO ABISCTCS HaeaTbHbIM [7], [8].

3akiarouenue

ITo pe3ynbraTaM MaTeMaTHYECKOTO MOJEIMPOBAHUS THIPABIMKU IIOTOKA CJIENaHbI
CJIEIYIOIIHE BBIBOBIL:

ITpu mpoxoxxaenuu cyana npoekta 5071-020-012 no xanamy, nMmeronieMmy mupuny 50,1
M u riyouny 4,5 M, ¢ HOCTOSIHHOM cKOpocTblo 10 KM/4, paboTa NBMXXKUTEJEH OKa3bIBaeT
HE3HAYMTENIbHOE BJIMSIHME Ha THAPOJAWHAMHUYECKHE MPOIECCHl, BOSHUKAIONIME BONM3U JHA
KaHalla. MakcuMallbHasi CKOPOCTh TEUCHWs, BOHUKAIONIAas MPH HMPOXOKICHUH 110 KaHAITy
cynHa ¢ pabOTaIIUMHU IBIXKUTEISIME, OKa3anach BCETO JUIIb HA =~ 2% OoJble CKOPOCTH
TEUEHHMs, BOSHUKAIOUIEH MPU NPOXOKACHUH CyJHA C TIOKOAIMMUCS ABrkuTessiMu. OTciona
ClIelyeT, 4TO HamOoiblllee BIMAHUE Ha THJIPOJMHAMHYECKHE MPOLECCHI, BO3HUKAOIIHE
BOJIM3M JHA KaHaJla [IPU MIPOXOXKICHUHU 10 HEMY CY/OB, OKa3bIBAET CTECHEHHE €T0 JKUBOTO
CEYeHHUs.

BbuI0 ycTaHOBNIEHO, 4TO HauOOJbIIEe BIMSHAE Ha CKOPOCTb TEUEHWs] BOJM3M JHA
OKa3bIBaeT N3MEHEHUE IITyONHbBI KaHaJa, HEXKENTU LIMPHUHBI, TIOCKOJIbKY:

— [IPY yBEITMUEHUH MUPUHBI KaHana Ha 40%, MakcUManbHasi CKOPOCTh TEUEHHS BOIH3H
JIHA KaHaJa yMeHbInaeTcs Ha 6,73%;

— IpY yBEIMYCHUH TTyOHHBI KaHanma Ha 11%, MakcuMasbpHas CKOpOCTh TeUEHHs BOIHM3H
JIHA KaHala yMeHblIaeTcs Ha 26,92%.

[TonyueHHsle pe3yabTaThl CBUIETENHLCTBYIOT O HEOOXOAMMOCTH Yy4eTa CTECHEHMS
KMBOTO CEUEHMsl KaHaja NMPHM HCCIEJOBAHMM BO3HUKAIOIIMX B HEM T'MAPOIMHAMHYECKHX
NIPOLIECCOB, BIMAIOIIMX HA CKOPOCTHOH pEXHM JBW)KEHHS CYJOB W COCTaBOB H,
COOTBETCTBEHHO, HA pa3MbIB JTHA KaHAJIa.
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Bonorcckuii 2ocydapcmeennviil yHugepcumem 600H020 mpancnopma, 2. Huoscnuii Hoszopoo,
Poccusa

AnHoTanus. CTaThs 3aBepIIACT UK aBTOPCKUX ITyOIUKanuid ¢ 0030pOM JIEHOBBIX KauyecTB
peuHoro nenokona npoekra 1191 tuma «Kanuran EBgokumony.

OTMeueHO, YTO HCCIEAOBAHHOE CYAHO CTall0 peaan3alyel SKCIePHIMEHTaIbHOTO IPOEKTa B
PEYHOM JIEIOKOIOCTPOCHUU — IPUHIUNNAAIBHOIO U3MEHEHUS TPaJULIUOHHBIX JIEIOKOIbHBIX
00BOZIOB KOpIyca CyAHA. B KadecTBe MOJOXHUTEIBHOTO pe3yibTaTa 3TOr0 JKCIEpPHMEHTa
3a()IKCUPOBAH BBICOKUH YPOBEHb KPUTEPHS «JIETONPOXOJUMOCTE/0CaKa» Y JaHHOTO Cy/AHa,
YTO COXpPaHseT IPYIIUPOBKY JIEAOKOJIOB IpoekTa 1191 B akTUBHOM 3KCIITyaTallUH.

B kadecTBe «HEraTuBay SKCIIEPHMEHTA IOKa3aHO, YTO OTHOCHTENIbHAS JIEIOBasl XOJKOCTh
[0 CPaBHEHHIO C MPEIBIAYIIUM IMPoeKToM JienokonoB (1105) He Obuta yimydmieHa, a JegoBast
MaHEBPEHHOCTb 3HAYNUTENbHO YXyAIICHA.

3asBIEHO, YTO B CBSI3H C «UCTOILIEHHEM» Pecypca 3THUX JIEOKOJIIOB B HACTOSIIEE BpeMs
obocTpuiace mpobiema OOHOBIEHHs JienokoibpHOro (urota mist BBII m MenxoBomHBIX
MOpCKUX paiioHOB P®. IIpu 3TOM KpUTHYECKUI aHAIN3 HAKOIUIEHHOT'O JKCILTYyaTallHOHHOTO
1 HAayYHOTO OIbITa JJOJDKEH CTaTh OCHOBOHM pa3pabOTKH MEPCHEKTHBHBIX IPOEKTOB PEYHBIX
JICIOKOJIBHBIX CPEACTB C IpuMeHeHneM coBpeMeHHbIX CAE-TexHonorui.

Ki1ioueBble cj10Ba: NeITHON TOKPOB, JIEIOKOJI, JEJOBIE Ka4eCcTBa, JIEIOKOIBHBIN KOPITyC

Ice passport of a river icebreaker: project optimization

Vasily A. Lobanov

ORCID: 0000-0002-0931-7317

Vadim L. Tikhonov

ORCID: 0000-0002-3147-0668

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The article completes a series of author's publications with an overview of the ice
performances of the Kapitan Evdokimov type 1191 river icebreaker.

It is noted that the investigated vessel became the implementation of an experimental
project in river icebreaking — a fundamental change in the traditional icebreaking contours of
the vessel's hull. As a positive result of this experiment, a high level of the criterion «ice
breaking/draft» was protected for this vessel, which preserves the grouping of icebreakers of
project 1191 in active operation.

As a «negativey of the experiment, it was shown that the relative ice propulsion ability
compared to the previous icebreaker project (1105) was not improved, and ice
maneuverability was significantly worsened.

It is stated that due to the «depletion» of the resource of these icebreakers, the problem of
updating the icebreaker fleet for the inland waterway and shallow-water marine areas of the
Russian Federation has now become more acute. At the same time, a critical analysis of the
accumulated operational and scientific experience should become the basis for the
development of promising projects for river icebreaking vessels using modern CAE
technologies.

Keywords: ice cover, icebreaker, ice performances, icebreaker hull
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Jduckycenst

Hacrostmass paboTa MOXBOAWT WTOT TO PSIy ABTOPCKUX IyONHKAIMid ¢ 0030poM
JIEMOBBIX KauecTB pedHoro Jjemokona mpoekra 1191 tmma «Kammram EBmoxumony [1-4].
OmneHkKa TaKOBBIX Ka4yecTB OBUIa MPOM3BEACHA TONBKO IO HATYPHO MOATBEPKIEHHBIM
JaHHBIM: O(UIMATEHBIM IIOJIEBHIM HCIIBITAHHUSM, MHOTOJETHHM Hay4HO-OIEPaTUBHBIM
CONPOBOXKJCHUSM JIEIOBBIX TPAHCHIOPTHBIX OMEpaluil ¢ yuacTHEM CyJIOB JaHHOIO MIPOEKTa,
Pa3IMYHBIX PYKONUCHBIX HCTOYHHUKOB, aBTOPCKUX apXHBOB [5, 6].

HccrnenoBaHHOE Cy[HO CTalo peanu3alueld 3KCIEepHUMEHTAIbHOIO MPOEKTa B PEUYHOM
nenokonoctpoenun [7]. Ilpu 3ToM crneayer nNpu3HaTh, 4YTO JKCIEPHUMEHT OKa3ajcs
HeygauHbIM. [loxkamyli, eAMHCTBEHHBIM JOCTOMHCTBOM JIEJOKOJIOB JAaHHOIO THIA SIBJISETCS
BBICOKHH YPOBEHB KPUTEPHUS «IECHOMPOXOIUMOCTR/0cankay. [locnemHee moka onpaBapiBacT
WX COJEepXKaHWe B JIEAOKONBHON TrpynmupoBke «PocMopmopra» nake TIPH OIIYTHMOM
Bo3pacte mnpoekra (6onee 40 ner).

TpeboBanus 3akazumka (MP® PCOCP) k MuHMMH3aOUM OCaJKH JIEOOKOIa C
COXpaHCHHEM €ro OOJIBIIOTO BOAOM3MEIICHHS M BEICOKOH MomHOocTH COVY (He MeHee, 4eM
y mpensigymiei cepum, npoekt 1105 tuma «Kammran Yeuxwn» [8]) cmpoBoumpoBanu
KOHCTPYKTOPOB U CYJOCTpOHMTENEeH K NPUHIUINHAIBHOMY OTKa3y OT TPaJAHIMOHHBIX
JIeIOKOJILHBIX 00BOJ/IOB KOPITyCa, MPOBEPEHHBIX «XOPOLIEH JIeJI0BO MpakTUKONY. [Ipu aTOM
Ha JTafne MpPOEKTHPOBAaHUS HE ObUI peaJn30BaH HAYYHBIM IIPOrHO3 OCHOBHBIX JIETOBBIX
Ka4yecTB IMOTEHIMAJIBHOTO cynaHa. [lo3ToMy yke HayalbHBIH MEPUOJ UX SKCIUTyaTalluu
BBISIBWJI OIIMOOYHOCTh 0a30BBIX MPOEKTHBIX PEUICHWI: ynelbHas JeJONPOXOAUMOCTh HE
MpeBBICHIIA YPOBEHb y Jiemokonia mpoekra 1105, MaHeBpeHHBIE KadecTBa BO JbAax (W,
0COOCHHO, TOBOPOTIMBOCTH) 3HauuTenbHO yxyammmmck (Puc.l [6]). Ilocmemyrommue
MPOOHBIE TOMBITKA «KOCMETHYECKUX» IMPABOK Y HEKOTOPHIX «HOJOIBITHBIX» JICTOKOJIOB
9TOTO THIIA YK€ HE CMOTJIA ONTUMHU3UPOBATH IMPOCKT.

CepuiiHo OBIIO BBEICHO B JKCIUTyaTallHI0 BOCeMb cymoB mpoekta 1191 (mapt 1983
roga — Maii 1986 roma). C HayamoM «IIEpeCTpPOCYHOTO» IMEepHOAa M MOIUTHICCKOH
HEYCTOWYMBOCTH B CTpaHe, IepepaclpeneleHHeM M NpUBaTH3alMel TIoCyJapCTBEHHOTO
¢diota,  yXyauieHHMEM ~ OKOHOMHYECKOW  CUTyalldd C  MOCJIEIYIOIIUM  OTKa30M
rOCY/IapCTBEHHOTO (PMHAHCUPOBAHHS CTPOUTENBCTBO ITHX JIENOKOJIOB OBUIO MPEKPAalIeHO
(a, paBHO, U cepuiiHOE peuHoe JenoKosocTpoerue). [Ipu 3ToM He0OXOUMO OTMETUTH, YTO
IIPU BCEX HENOCTAaTKaxX JAaHHOTO NMPOEKTa B HACTOSIIEE BPeMsl OTCYTCTBYET albTepHATHBA
9THM CyZAaM Ha BHYTPEHHHMX BOJHBIX MYyTSX M B MPUOPEKHBIX MOPCKUX paiioHax Poccum.
OpmHako WX WCTOMEHHBIA pecypc OECCIOPHO aKTYaIH3WpOBal MpoOiieMy OOHOBIICHHS
nenokonpHOTO (uota ansi BBII P®, pemeHne KOTOpOW MJOCTYHMHO TOJBKO TIPU
rocyaapcTBeHHOU nojaepskke [9-11]. Kpurnueckuil aHanm3 HaKOIUIEHHOT'O OMbITa JOJDKEH
CTaTh OCHOBOH pa3pabOTKU MEPCIIEKTUBHEIX IPOCKTOB PEUHBIX JICTOKOJIBHBIX CPEACTB.
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OrnocuTebHAA TOJMMMHA JIbAA

Puc. 1. XapakrepucTHKHE TOBOPOTIMBOCTH JIEOKOJIOB IipoekToB 1105 n 1191 B crutomrHOM 1TBTY

Onrumuzanus GpopMbl KOpIyca

ITpn pa3paboTke e70BOrO MacrlopTa B INEpBOHAYAIBHBII HPOEKT 3TOTO JOKYMEHTa
ObUTH BKJIIOYEHBI PEKOMEHJAIMK 110 YITyUYIICHHIO TOBOPOTIMBOCTH HCCIIEYEMOTO CyIHa,
pa3paboraHHbIe Ha OCHOBE TpyHoB [12-14]. OnHako B OONBIICH CTEIICHH TH MPEII0KCHUST
HOCWJIM Ka4eCTBEHHBIH XapakTep, YTO BBI3BIBANIO COMHCHHS B MOJb3C MX MYOIMKAIUH B
nmacriopre. Ontummsanus TpeboBaja HAydHO OOOCHOBAHHBIX KOJMYECTBEHHBIX M3MEHEHUI
TEOPETHUYECKOTO HYepTeka JIeJOKONIa IpH pa3paboTke HOBOTO MpoeKTa. IlepBble MOMBITKH
CO3/1aTh TOYIMITUPUYIECKYI0 METOAWKY IUIS PEIICHHWS 3TOW 3aAadu OBLIM IPEICTaBICHBI
Tosbko B 1988 rony [15], a mo uncneHHOTO MpUMEHEHHUsT OHa Oblia JoBeaeHa Jumib K 1990
roxy [6].

JUis HarmsagHOW WLTIOCTpalMK BIMSHUS (QOPMBI KOpIyca CyZHAa Ha MapaMeTpsl
MIOBOPOTJIMBOCTH BO JIbJly, OBUIM Cr€HEPHPOBAHBI TPH MOJIENH HCCIIETYEMOTO JIeI0KoIa:
¢axTnueckuii (6a3oBbIii) mpoekt — 1191; momudummposannsie — 1191a n 11916. Ilpu
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COXpaHEHHH OCaJKH M BOJOWU3MEILICHHS CyJHA, HECKOJBKO YBEJIMYEHB! JUIMHA M IIMPHHA
MOAN(HIIUPOBAHHEIX IIPOEKTOB, HO YMEHBIIEHB! KOY((HIIMEHTH! MONTHOTHl BaTEPIHHUHE H
obmelt momHOTH cynHa. CpaBHUTENBHBIE XapaKTEPUCTHKH (OPMBI KOpIyca 0a30BOTO U
MOAN(HIIMPOBAHHEIX JIEAOKOJIOB IPHBEICHH! B TAa0N. 1, a BUA MX BaTEpIMHMI NOKa3aH Ha
puc. 2.

Tabauya 1
XapakrepucTukH GopMbI KOPIyca JIeIOKO0JIOB
Mopeny 1e10K0JIOB
XapaKTepUCTHKH KOpITyca
patep g 1191 1191a 11916
(6a3oBas)
JmHa, M 73,0 76,0 79,0
[Iupuna, M 16,0 16,3 16,5
Ocanka, M 2.5 2,5 2,5
KoadduimeHTt o011e# MOJIHOTHI KOpITyca 0,75 0,71 0,65
Yo BXxo/1a BaTepIMHUN Ha HYJIEBOM 1,05 0,98 0.98
TEOPETUYECKOM ILIMAHroyTe, pan [6]
KoadduiueHT 0011e#i NOTHOTHI BATEPIHHUN 0,92 0,8 0,78
Koa¢dumueHT norHOTE HOCOBOI BETBU 0.85 0.85 0.85
BaTepIMHUN
KoaddurmeHT momrHOTE KOPMOBO# BETBH 0,95 0,77 0.75
BaTEpPJIMHUA
[Napametp dhopmbl kopiyca [6] 0,3 0,3 0,3
~ 10
123 __— )

/ 3 7

2

3

Tve ~3o -2 -70 0 70 20 30 x

70

]y.m

Puc. 2. BatepnuHAT MOJIENEH 1eJOKOIOB

(1-1191;2—-1191a;3-11916)

[TockonbKy IpeaMETOM aHanm3a SBISAIACh MOBOPOTIMBOCTh, OCHOBHOE BHHMAaHHE
yZeNeHO W3MEHEHHI0 (opMBI KOpIlyca B KOPMOBOW OKOHEYHOCTH, HAINpPaBICHHOMY Ha
YMEHBIICHUE BEIMYMHBI MOMEHTa KOPIYCHBIX JIIOBBIX CHJI, KOTODPBId 3HAYUTEIBHO
neMIupyeT MoBOPOT CyAHA BO ybAax. C 3ToH menbio Kod(pGHUIHEHT HOTHOTH KOPMOBOI
BEeTBM BaTepiMHUM B BapuaHte 1191a ymenpmen Ha 18,9%, a B Bapmante 11916 — Ha
21,4%, 9TO PUBOJIUT K yMEHBIIEHHIO K03 dunmenTa oOmier moIHOTH Kopiryca Ha 5,3% u
13% coorBercTBeHHO. Kak BUIHO W3 puc. 2, Takhe HM3MEHEHHUSI COIPOBOXKAAIOTCS
MOCTETICHHBIM 3ay)KeHHEM KOPMBI, YXOAy OT IHJIMHAPUYECKOH BCTABKM M CMEIIEHHIO B
CTOPOHY HOCa HanboJee NIMPOKOTO CEYEHHsI KOpITyca.

Pacuérbl yrioBoil cKOpOCTH Ha YCTaHOBHBIIEHCS LHUPKYJSNUU B CIUIONIHOM JIbIYy H
CKOPOCTH TPSIMOJIMHEWHOTO JIBM)KEHHS, BBINOJHEHHBIE C HCIOJIb30BAHUEM YIOMSHYTOM
METOIUKH, TIO3BOJIMIIM OIYYUTh Pe3yJIbTaThl, NPUBEIEHHBIE HA pUC. 3 U B Ta0. 2.
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Puc. 3. XapaxkrepucTUKH IOBOPOTIMBOCTH MOJIEIEH JIeIOKOIOB

Wzmenenns  Qopmbl

Tommmuna abaa, M

BATCPJIMHUM CYHICCTBEHHO CKa3aJluCb Ha MNOBOPOTIMBOCTHU

JIEIOKOJIOB BO JIBAY W HAa 4HcTOW Boae. Kak BHOHO W3 pHUC. 3, OTHOCHTENBHAS YTIOBas
CKOpPOCTh TIPH TIEPETOKEHHBIX «Ha O0OpT» PYIsIMH BO JbAy TonmuHoi 0,4 M Bo3pocia y
nenokona npoekta 1191a na 17%, y nenokona npoekrta 11916 — Ha 26% 1o cpaBHEHHIO C
0a30BBIM CyHOM. Ha 9ucToit Bosie 3TO yBETMUEHHE COCTABIISIET COOTBETCTBEHHO 5 U 8%.

XonoBble XapaKTepPUCTUKHN Mo/ eJIei JIeI0K0I0B

Tabauya 2

CKOpOCTB JIBI)KSHUSI MOJICIH JIEAOKOJA B CIUIOLIHOM JIbIY, M/C
Tonmuua npaa, M
1191 (6a3oBas) 1191a 11916
Yucras Boga 7,5 7,7 7,8
0,2 4,5 4,8 5,1
0,4 2,8 32 3,4
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CKOpOCTh TBM>KECHHS MOJICIIH JISZIOKOJIA B CTUIONTHOM JIBJTY, M/C
TonmuHa b1a, M
1191 (6a3oBas) 1191a 11916
0,6 1,8 2,05 2,25
0,8 1,05 1,25 1,4
1,0 0,0 0,0 0,7

AnHanmsupys naHHbIE Taba. 2, cIeqyeT OTMETHTh, YTO, HECMOTPSI Ha HE3HAYUTEIbHOE
YBENMYCHHE IIMPHHBI KOPILyca, XOJOBHIE KadecTBa JieAOKoyoB Moxeneir 1191a um 11916
yIyqmuauck. MOXXHO mojarate, 4TO NPH COXPAaHEHHH NMPAKTHYECKH HEU3MEHHOH (OPMEI
HOCa yMEHBILIEHHE JIEJJOBOTO COMNPOTUBJICHUS CBS3aHO C  COKpAILlEHHEM  30HBI
B3aUMO/ICHCTBUS 00JIOMKOB JIb/Ia C KOPITYCOM CYZHa B KOPMOBOM OKOHEYHOCTH.

[TpuBenéHHbIe TPUMEPHI MOKA3BIBAIOT, YTO JIAKE CPABHUTENBHO HEOOJIbIINE H3MEHEHUS
TEOPETUYECKOT0 uepTeka MOTyT IPUBECTH K 3aMETHOMY YIYYIIEHHIO XOJOBBIX U
MaHEBpPEHHBIX KayeCcTB CyJHA BO JbJax. Mcroap30BaHHE MPEINIOKEHHONH MaTeMaTHYecKon
MOJENIM B COYETAaHHMHM C OIBITOM W WHTYHMIMEHd MpPOEKTUPOBIIMKA MO3BOJIUT OoJjee
00OCHOBaHHO pemaTh 33jady ONTHMHU3anuU (OPMBI KOpIyca CyHAHA, NPEeAHA3HAYCHHOTO
JUISL SKCIUTyaTally B JIEIOBBIX YCJIOBHAX. Takas ONTHMHU3AIMs MOXKET OBITh OCYIIECTBIICHA
myTéM pa3paboTku (B paMKax IPOEKTHOTO 33JaHMsA) pAJa BapHaHTOB TEOPETHYECKOTO
yepTeka M BBIMOJHEHUS Uil KaKIOTO BapHaHTa pacyéToB JIEJOBOM XOAKOCTH H
MTOBOPOTJIMBOCTH.

Uro KacaeTcsl IIEJIEBOTO IMPOEKTHPOBOYHOIO PACUYETa ONTUMAIBHBIX XapaKTEPHCTHK
KOpITyca I 3aaHHBIX JIEOBBIX YCJIOBHM, TO Takas «IpsMas 3ajada B HACTOSIIEE BpeMs
IOKa HE peIICHA CKOJb-HUOYAb YyIOBICTBOPHUTEIBbHO. [lo3TOMy moa onmTumuzarueid B
JTAHHOM CJIy4ae IIOHMMAEeTCs BBIOOP HAWIyUIIero BapuaHTa TEOPETUIECKOTO YepTexa CyJHa
13 YMCNA TeX, JUI KOTOPHIX BBINOJIHEHBI IOBEPOUYHBIE pacuEThI [0 YKa3aHHON METOTUKE.

Cremyer OTMETHTh, YTO NpPUMEHEHHE pa3pabOTaHHONH MaTeMaTH4ecKON MOIenn
NIPOM3BOJIFHOTO  JIBIDKCHHSI CyIOHAa B JIEAOBBIX  YCIOBUSX HE  OrpaHUYMBACTCSA
PacCMOTPEHHBIMHU CITy4YasMH JBW)KEHHS CyIHA Ha NPSIMOM Kypce M yCTaHOBMBIIEHCS
mupKysinui. C €€ TOMOINBI0 MOKET OBITh BBIIOJIHEH aHaIW3 M Pa3HOOOPa3HBIX MO
XapakTepy MaHEBpPOB INPHM HECTAlMOHAPHOM IBIKEHUH. TaknuM o0pa3oM MOryT OBITh
OTIpeJIeTIeHbl XapaKTEPHCTHKH SBOIIOIMOHHOTO ABMKEHHS, PasroHa, TOPMOKEHHs Cy/IHa U T.II.

[Tpn 3TOM aBTOp CUMTAET HEOOXOJMMBIM CHEJATh NMPUHIMIHAIBHOE MPEAyNPEkKICHIE
MTOTEHIMAJIBHBIM I10JIb30BATEISIM YIOMSHYTOW MeToAuKH. OHAa HMeEeT MOy IMIUPHUECKYIO
MPUPOAY HAa OCHOBE HATYPHBIX W AKCHEPHUMEHTAJIBHBIX JAHHBIX JIEJJOBBIX HCIIBITAHUI
OTPAaHWYEHHOW TPYNIBl PEYHBIX CYJOB C TPATUIIMOHHBIMH OOBOJZAMH U IBIDKUTEIHHO-
pyneBbiMu  komriekcamu (JIPK). Okctpamonsimust 9TOM METOAMKM Ha Cyda C HHBIM
¢dopmoobpazoBannem u tunamu JIPK, HaBepHsika, OyJeT CONMPOBOXKIATHCS YXYyIIUICHHEM
aJIeKBaTHOCTH pe3yJbTaTa pacyéToB M TIOHIDKEHHOM OIpaBAbIBAEMOCTBIO IIPOTHO3a
JIEIOBBIX KauyecTB MPOCKTUPYEMBIX CyJIOB BIUIOTH JI0 €T0 ITOJHOW HEMPUEMIIEMOCTH. B aTnx
cirydasix MOXXHO pexoMmeHnoBaTh npumeneHne CAE-texHooruit mis pemeHus: HogoOHBIX
3amad [16]. 3HaunTenpHast pecypcosatpaTHOCTh CAE-ncmbpITaHni MOTEHIIHATBHOTO (proTa
JIEI0OBOTO IJIABaHUSI OIPABIBIBAETCSI BBICOKUM YpPOBHEM aJ€KBATHOCTH M HArIsIHOCTU
MOJIENMPOBAHUS IPH YHUBEPCATIBHOCTH 3TOT0 METOJA.

3akaoyenue

HccnenoBaHHOE CyAHO CTajo peaiu3aliiell SKCHEPHMEHTAIbHOTO NPOEKTa B PEUYHOM
JIETIOKOJIOCTPOCHNH, CYTh KOTOPOTO — NPUHIMIIHAIBGHBIA yXOA OT TPaJHIIMOHHBIX
JIEIOKOJBHBIX O0OBOJOB KOpITyca, IPOBEPEHHBIX «XOpOIIeH JIeTOBOH MpPaKTHKOW». B
Ka4yecTBE IOJIOKUTEIHPHOTO PE3ylbTaTa 3TOTO 3KCIIEPUMEHTa MOXXHO OTMETHTh BBICOKHIT
YPOBEHb KpPUTEPHS «IEAONPOXOJUMOCTH/OCAKay» y JAAHHOTO CyIHA, YTO COXPAaHSET
IpYNIUPOBKY JeaokonoB mnpoekra 1191 B mrare «Pocmopnopra». Ilpu 3Tom ero
OTHOCHTEJIbHAS JIE0BAsl XOJKOCTh MO CPAaBHEHHUIO C MPEABLIYIIMM IPOEKTOM JIEAOKOJIOB
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(1105) me Obwma yiy4mieHa, a JieoBas MaHEBPEHHOCTh 3HAYUTEIBHO yXy/IIeHa. B cBs3m ¢
«UCTOLICHHEM» pecypca 3THX JIEJOKOJIOB B HACTOsIIEe BpeMsl obocTpuiack Ipobiema
oOHOBNIEHHS JleoKompHOTO (uota mus BBII m MenkoBOOHBIX MOpCKHX paiioHOB P®.
Kputndecknii aHainM3 HAaKOIUICHHOTO OIBITa JOJDKEH CTaTh OCHOBOH pPa3paboOTKH
MEPCHEKTUBHBIX IPOEKTOB PEYHBIX JIEAOKOJIBHBIX CPEACTB.
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AHHoOTanus. B pabote BBIMOIHEHO 0030pHOE HCCIIEIOBAHUE, MTOCBSIIEHHOE KOMITIEKCHOMY
n3ydeHnI0 (pyHZaMEHTaNnbHBIX TPYJOB B 00NacTH pPa3BUTUS JMHEHHOIO CyJOXOJCTBA,
OIIpeeNeHNI0 0a30BBIX HAIlPaBJICHUI, 0 KOTOPHIM IPOU3BOAMINCE U B HACTOSIIEE BPEMs
OCYIIECTBIISICTCSl UCCIIEA0BATENbCKAsl ACATEIFHOCTh POCCHMCKHX W 3apyOe)HBIX YYEHBIX.
[IpoaHann3upOBaHO MHOXKECTBO HCTOYHHKOB, HAa OCHOBAaHHHM KOTOPHIX 00OOCHOBaHa
BOCTpeOOBAaHHOCTE  (POPMHPOBAHMSI ONMONHHUTEIBHBIX AKTYAJIM3HPOBAHHBIX IOAXOJIOB
OPTaHMU3aIMOHHO-TEXHOJIOTUYECKOT0 00eCTIeueHUs] MyIbTUMOAAIBHBIX MEPEBO30K C YIETOM
JIEUCTBYIOIINX YCIOBHHA TI00aMH3aldl MHPOBOI SKOHOMHUKH, OTPAaHHMYCHHUH IMPOIYCKHOM
CIOCOOHOCTH TPAHCIIOPTHOM CeTH, TeHAEHIUH Hu(POBOH TpaHCHOPMALUH JTOTHCTHUECKHX
Herno4yek. B 9acTHOCTH, CyIIECTBEHHBIM 3HAYCHHEM B COBPEMEHHBIX YCIOBHAX 00IamaeT
COBEpIICHCTBOBAHHE IOAXOJOB AHAJIUTHYECKOTO CONPOBOXKICHHS NPUHATHS PEILICHUI 110
BBIOOPY ONTHMAJIBHBEIX TPAHCIIOPTHO-TEXHOJIOTHIECKUX CXEM MYJIBTHMOJAIBHEIX IIEPEBO30K
B CETM MapUIPYTOB MEXKIYHApOIHBIX TPAHCIIOPTHBIX KOPHUIOPOB, 0OECHEYHBAIONINX
CO3JaHNe U Pa3BUTHE IU(PPOBEIX IIIATGOPMEHHBIX PELICHHH.

KioueBble c10Ba: BOJHBIH TPAHCIOPT, JHMHEHHOE CYIOXOJCTBO, MYJIBTHMOJAIIEHBIE
MEPEBO3KH, OPTaHU3AUOHHEIE, TEXHOJIOTHYECKUE, TEXHMYECKHUE aCTIeKTHI, III(ppOBU3aIIHS.

Analysis of fundamental investigation and prospective research
areas in liner shipping
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Abstract. The represented review contains a comprehensive analysis of fundamental
researches on the development of liner shipping, identifying key areas of past and present
research by Russian and international scientists. Many reference source were investigated,
substantiating the requirement for additional updated approaches to organizational and
technological support for multimodal transportation, taking into account the current terms
and conditions of globalization, limits of transport network capacity, trends toward digital
transformation of supply chains being key factors in liner shipping industry. In particular,
improving approaches to analytical support for decision-making regarding the selection of
optimal transport and technological schemes of multimodal transportation within the network
of international transport corridors supports the development of digital platform solutions,
significant importance in supply chains integration.
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BBenenue

JHamMu4aHOE nepepacnpeencHue Tpy30MI0TOKOB MEXTY KpyNHENIIUMHI
MIPOM3BOJCTBEHHBIMH  KJIACTEpaMH M NOTPEOMTEIBCKHMMH PBIHKAMH B YCIIOBHSAX
CaHKIMOHHOTO [aBJICHMS OKAa3aJ0 CYIIECTBEHHOE BIMSHHEC Ha TPEOOBAaHHA K KadeCTBY
OpraHM3alMd MEXIYHApOIHBIX MYIbTHMOJAIBHBIX IEpPEBO30K. DBceuenctsue 3TOro
MOBBIIIEHUE 3 PEKTUBHOCTH YIPABJICHHS BOJHBIM TPAHCIIOPTOM, IPEICTABIAIONIEr0 cOO0M
KIIFOUEBOH 3JIEMEHT TpaHCHOpTHO-TexHoiorndecknx cxeM (TTC) TpaHCKOHTHHEHTAIBHBIX
MEPEeBO30K, CTAHOBUTCS 0COOCHHO 3HAYMMOU 3aa4CH.

IIpumenenne TTC MynbTHMOZANIBHBIX MEPEBO30K HA OCHOBE BOAHOIO TPAHCIOPTa B
COBPEMEHHBIX  YCIIOBMSIX  IpegycMaTpuBaeT  MH(OpMAalMOHHOE  B3aHMOJEHCTBHE
YY4aCTHUKOB TPAHCIIOPTHOIO IIpouecca. BbINONHEHHE MyJIBTUMOJAIBHON IEPEBO3KU B
enMHOM 1M(GPOBOM MPOCTpaHCTBE TpeOyeT HalM4yus CPEICTB TEXHOJOTMYECKOH,
nH}opManMOHHON W KoMMepueckoil uHrerpanuu ydactHukoB TTC, obecrneunBarommx
peanu3anyo psjaa 3aaad, IpeJCTaBICHHbIX Ha puC. 1.

| Ennnoe nudposoe mpocTpaHCTEO MYJIbTHMOJANBHOH IePeBO3KH

HHTerpauud rocyaaperseassix (GIHC) 1 kopropaTHBHBIX HH(opMaHoHEbIX cueTeM (Bk1. ERP 1 1p.), HHQOPMAILHOEHEBIX CHCTEM
| omeparopoe Mopckux TepmuHanos (TOS), TpascnoprHO-mormeTHYeckux HeHTpoB (WMS, YMS), HHQOPMALMOHHBIX CHCTEM
nepesosuukos (TMS) u gp.

IpeoCcTaBIeHHe HHQOPMALIHOHERIX YEIyT YIacTHHKAM TPaHCTIOPTHO-TOTHCTHYeCKOH JEATETEHOCTH B YacTH TeKymIeH sarpysku
00BEKTOE TEPMHHAIBHON MH(PACTPYKTYpHl H IYHKTOB HpPONYCKAa YEPes FOCYJAPCTBCHHYIO IpaHHLy PP, MeCTOIONOMKCHHH H
MapiIpyTax ABHKESHHA TPAHCHIOPTHBIX CPEACTB, JOCTYIHOCTH MOJBHKHOTO COCTABa, MOPOXKHHX MOPCKHX KOHTeHHEpOB,
CIHELHMATH3HPOBAHHOr0 0bopyaosanua u ap. (TMS) u ap.

obecneucHEe HEGOPMAIMOHHOH IOAJCPAKH NpoLecca TPAHCIIOPTHPOBKH TPY30B, NOAyYcHHe HEQOPMALHHE B PEAKHME PEaIbHOTO
EPEMEHH 0 TEKyIel IHCIOKAMHH IPY30E, CKBEO3HAA NPOCIEAKHEAEMOCTD JEHKCHHAA TPY30B

OpraHH3aAlHA HOPHIHYCCKH 3HAYHMOrO .‘]UKYMCHTUUGUPUTH E 3JICKTPOHHOM EHIC IIOCPECIACTEOM oOMEHa JaHHBIMH VY4CTHHKOE
'IpﬁHCl'lOpTHU-JUrHCTPI‘]CCKUI"‘l ACATCIPHOCTH, BRIKYAA IPEAOCTAEICHHC JdHHBIX B KYPHPYOIIHE KOHTPOIbHO-HAA30PHBIC OPTaHBL

HHTELIEKTyaTbHAA onThMEsamia T TC 1 IoBRIIIeHHE OTIePaTHEHOCTH TIOCTABKH TPY30B 3a CHET 00paTHOMH 3arpysKH TPaHCTIOPTHBIX
CPECTB, OTCYTCTBHA 3BAKYallHH TOPOKHHX KOHTEHHEPOB H PEMO3HITHOHHPOBAHHA O00PYA0BAHHA

Puc.1. 3amaun, peannsyemble B paMKax eAUHOTO I(POBOTO MPOCTPAHCTBA IPH MYIBTUMOAAIBHBIX
TIepeBO3Kax

Jdus  peanm3anmu  yKa3aHHBIX  3amad  nudpoBoir  TpaHchopmammu — TTC
MYJIbTUMOJIBHBIX MEPEBO30K HAa OCHOBE BOJHOTO TPAHCIOPTa TPEOyeTCs] KOMIUIEKCHOE
UCIIONIb30BAaHNE HAYYHOTO MOTeHIMaNa, chOpMHUpOBaBIIEro 0a3uc pa3BUTHS HALMOHAIBHOM
TPAHCIOPTHOM OTPACIH B YACTH IKCIUIyaTallUH CYAOXOIHBIX JTMHHUHN.

Vcnonp30BaHHEe OCHOBONOJATAIOIIMX HAYYHBIX HCCIEIOBAHMN  IPEICTaBISACTCS
HEOOXOIUMBIM JJIsI pa3padOTKU aKTyalbHBIX ITOAX0J0B, METOIOB M MOJENEH OpraHn3alun
paboTBl BOXHOTO TPAHCIOPTA, COOTBETCTBYIOIINX HMPUCYTCTBYIOMIMM 3a/a9aM M TEKYIINM
YCIIOBHSIM AKCIUTyaTaI[H BOJHOTO TPAHCIIOPTa B €MHOM HH(POPMAIIMOHHOM ITPOCTPAHCTRE.

Llenpio maHHOTO HCCIENOBaHMA SBISIETCS 0030p (yHIAMEHTANBHBIX paboT B chepe
JIMHEIHOTO CY/I0X0/ICTBA U ONPE/EIICHHE IIEPCIIEKTHBHBIX HAYYHBIX HalpaBICHUH.

MeTtoanl

HpI/I 06pa60T1<e MaTepuraia UCIOJb30BaJIUCh CHCTEMHBIA ¥ KOMIUICKCHBIN noaxoJbl K
aHaJIn3y Hy6J’IHKaHHﬁ 1o 0003HAYEHHOMN TEMATUKE, PasMCIICHHBIX B OTKPBLITOM IOCTYIIC.
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OIEeHKY COBPEMEHHOTO COCTOSIHHSA, CIIOKHBIIMXCS AaKTYaJbHBIX IIpoOIeM B 001acTi
JOTHCTHKA W OCHOBHBIX HANpaBICHUH €€ pPa3BUTHA Ha BOJHOM TPAHCIIOPTE aBTOPEI
IIPOBOAMIIN TIO CIEAYIOIIEMY alTOPUTMY:

1. [Toxbop Hay4HBIX MyONWKAIUil, pa3IUIHBIX OOIIENOCTYIHBIX HCTOYHHUKOB
OTpacieBON HampaBlICHHOCTH. B kauecTBe 0a30BBIX M3JaHWH aBTOpaMH BBIOpPAHBI
oTpacieBble MHOTONPOQMIbHBIE JXKypHanbl, Takue Kak «HayuHble mpoOiemMbl BOJHOTO
TpaHcropTa», «MopcKkHe HHTEIUIEKTyallbHbIe TeEXHOJIOTHNY, «TpancropTHoe neno Poccumy,
MaTepualibl MeXyHapOJHBIX M BCEPOCCHUHCKUX HayYHO-ITPOMBIIUICHHBIX U METOIMYECKUX
(opyMoOB 1 KOH(pEepeHIINH, MOHOTpadUIECKe UCCIIEA0BaHUS YUEHBIX-TPAHCIIOPTHUKOB.

2. Ob6o01eHre HanpaBiIeHUH Pa3BUTHS HCCIIEIOBAHUI POCCHICKUX YUEHBIX B 00JIaCTH
TPAaHCIIOPTHOM JIOTHCTHKH B MIPUBA3KE K BOTHOMY TPAaHCIIOPTY.

3. [IpoBexenne oOmEero aHaiam3a M KpPaTKOro o0030pa (yHZaMEHTaIbHBIX pPadoT,
CBSI3aHHBIX C IIPEAMETOM HCCIENOBaHMA (IMHEHHOE CyIOXOACTBO, MYIbTUMOJAAIbEHBHBIC
MIEPEBO3KU € TPHUMEHEHHUEM BOIHOTO TpaHCIopTa). CTPyKTypHUpOBaHHE, CUCTEMATH3aIus 1
Kaccu(UKaIHsI paCCMOTPEHHBIX HCCIICIOBAHMMN.

4. Obo0mmenne pe3ysNbTaTOB aHAIHM3a, NPUBEICHHE PACCMOTPEHHBIX M H3YYEHHBIX
HUCTOYHHUKOB B YIOPAAOYCHHOM, CKOHUCHTPUPOBAHHOM I10 HAIIpaBJICHUAM U 06J'IaCT$IM
HCCIICIOBAaHUHN (pa3IUYHBIM acIeKTaM) BHJE.

5. ®opMynupoBaHUE BBIBOJIOB OTHOCHUTEIIBHO HarpaBJICHUN JaTbHEHIINX
HCCIIeJOBAaHUH, OCOOCHHOCTH UX MPOBEACHUs, HauOoyee akTyaJbHBIX IPoOJeM B obnacTu
nuHeHHoro cynoxonctBa, TTC MyJIbTHUMOJANBHBIX IIEPEBO30K Ha OCHOBE BOJHOTO
TpaHCIIOPTA.

Pe3yabTartsl

BompocaMm ynpaBieHns: CyJOXOACTBOM IPH B3aUMOJAEHCTBUM C 0OBEKTaMU MOPTOBOM
nHQPACTPyKTypsl M HAa3eMHBIMH BHAAMH TpPAHCIOPTA IIOCBAMIEHBI pabOTBI MHOTHX
POCCHICKHX M 3apyOeKHBIX HCCIIeOBATENEH.

Cpenu 3apyOeKHBIX YUEHBIX, OKA3aBIIMX 3HAUNTEIHHOE BIMSHHUE HAa PAa3BUTHE TCOPHUHU
U TIPAKTHKH JAEATEIIFHOCTH MOPCKHMX KOHTEHHEPHBIX IHHHH, CleIyeT 0co00 OTMETHTH
cnenayronux creruaauctos, kak D. Ronen, B. J. Powell, A. N. Perakis, K. Fagerholt, R.
Agarwal, E. Ozlem, M. Sigurt, N. Ulstein, M.W. Andersen, M.G. Karlaftis, Q. Meng, M.
Catalani. Bonpocs! ympasierus paboToil MOPCKHX HOPTOB, TEPMHHAIOB M TPAHCIIOPTHBIX
ceTelr paccmartpuBanuch B pabortax J. Bird, A. Beresford, J. Woxenius, G. Gujar, C.
Caballini, M. Matthee, C. Macharis, T. Notteboom, S. Pettit, J.-P. Rodrigue, V. Roso, B.
Slack u ap. [1]

TeopeTndeckrue OCHOBBHI YIpPaBIECHUSI BOAHBIM TPAHCIIOPTOM OBIIM CHOPMHUPOBAHBI B
paboTax Benymmx oTedecTBeHHBIX yueHBIX B.I'. bakaema, B.B. 3BonkoBa, A./l. UpxuHna,
N.A. CepreeBa, A.A. Coro3oBa u pa3BuThl B uccienoBanusx B.3. Ananpunoit, JI./.
Berpenko, E.H. Boesynckoro, H.H. I'pomosa, f.b. Kanroposuua, B.M. Kpaesa, FO.K.
Jlexana, B.B. Ilerposckoro, b.5. Porunckoro, B.1. Casuna, B.. CHonkosa, H.C. YckoBa,
A.C. ®ponoBa, Ipyrux y4eHBIX U CIICIIHATIUCTOB [1].

HeoOxomumMo OTMETHTB, HYTO TEOPETHYECKMM BONPOCAM  COBEPIICHCTBOBAHMS
KOHTEHHEPHBIX TIEPEBO30K IPY30B B LIEJIOM YIEISIIOCH 3HAYNTENIFHOE BHUMaHNE B paboTax,
BeimonHeHHBIX WKTII, [THUW MIIC, Coro3mopuuunpoekt, [[HUNIOBT, THUNIM® u
JIPYTHUX BEAYIIMX HAYYHBIX OPTaHMU3AUAX U HHCTUTYTax [1].

CymecTBeHHbII BKIaJ B (OpPMHPOBAHHE TPAHCIOPTHO-TEXHOJOTMYECKUX CHUCTEM
MOPCKHX IIEpPEBO30K Ha 0a3e JOCTAaBKH YKPYITHEHHBIX TPY30BbIX €MHUIL OT JBEPH JI0 ABEPH
6bu1 BHeceH O.A. I'arapckum [2]. B wactHOocTH, pe3ynbTarsl nccnenoBaHus «TexHOIOTHs
TPaHCIIOPTUPOBKH U NEPETPY3KH IPY30B B CMEIIAHHBIX 1 KOMOMHUPOBAHHBIX COOOLICHUSIX)
(Bemymiast oprammzamus — @OI'YID HIKTII Munatpanca Poccun) —mo3Bommian
panMoHANM3UPOBaTh  MOAXOABl  (OPMHUPOBAHMS T'apMOHM3UPOBAHHOM  TPAaHCIIOPTHOM
CHCTEMBI B YacTH HamOoliee TPYIOEMKHX, C TO3MIHUI TPaHCIOpPTa, TAPHBIX M INTYYHBIX
(TeHepaTbHBIX) TPY30B.
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Pemennss Apyrux SKCIUTyaTallMOHHBIX 3a7ad CyJOXOJACTBA, BKIIOYas OOOCHOBAHUS
TPy30I0JBEMHOCTH U CKOPOCTH JTMHENHBIX CYI0B, YCTAHOBJICHHUS IApaMETPOB CYIO0XOIHBIX
JIMHUH B B3aUMOYBSA3KE C YPOBHEM JI00ABICHHON CTOMMOCTH TPaHCIOPTHUPYEMBIX TPY30B,
00BEMOB TPY30MOTOKOB Ha KOH()EPEHIMATbHBIX JHHHUAX B YCIOBHAX OTPAHHUCHHOU
nHdopmannu ObuiM paccMoTpensl B Tpynax B.Il. Kanwmranosa, M.A. Bepxuskepa, JLA.
UseprkuHa

MopaenupoBaHue TPAHCIOPTHBIX CHUCTEM Ha OCHOBE B3aHUMOAEUCTBHS BOAHOTO U
KEJIC3HOJOPOKHOTO TPAHCIOPTA, CO3/aBIIee OCHOBHI NMOCIEAYIOIETO Pa3BUTHSI MEPEBO3OK
IPy30B B TIIPSIMOM CMEIIAHHOM JKEJIE3HOAOpPOKHO-BoAHOM coobmenun (IICXKBC)
paccmarpuBaiuch B padborax B.A. Ilepcuanosa, C.B. Munocnasckoii, H.C. Yckosa

basuc Hay4HBIX MOAXOIOB YHpAaBICHUS JIMHEWHBIM CyJOXOJCTBOM, 3aTParMBalOIIMX
IUTAHUPOBAHKE AEATEIBHOCTH (IIOTa B MEpBUYHEIN mepuox BHeapernio ACY Ha MOpCKOM
TPAHCIOPTE TIPEICTABICHO paboTaMU TaKWX COBETCKHX yueHbIX, kak JL.U. Baxan, A.B.
bmunos, JI.JI. Berpenko, I'.E. T'ypeBuu, H.K. 3otoB, B.. Koran, /.M. Koznos, N.A.
Jlankuna [1].

Bompocsl  koMMep4eckoro 00ecIedeHUs] NEepeBO30YHBIX IIPOIECCOB, ONTHMHU3ALNI
KOHTEHHEPHBIX IIEPEBO30K B €JUHOU TPAHCIOPTHOM CHUCTEME, YIPABJIECHUS I'PY30II0TOKAMH
B YCJIOBHSIX HEOINpPEIENICHHOCTH Ha IpUMepe BOJHOro TpaHcrmopra B paborax O.JI.
JIumonoga, C.b. Jlebenesa u B.B. Illyrenko.

Crenyer MOYepKHYTh, YTO OTCUECTBEHHAs Hay4yHas IIKoJa HCCIeAyeT MpoOIeMbl
¢dbopmupoBaHust M opraHuzanuu d(PGEKTUBHON KOHTEHHEPHOH CHUCTEMBI paclpeeleHUs
Tpy30B C IEpUOJA CTAHOBIICHHUs] YHUBEPCAIBHOIO KOHTEHHEpPa KaK MIPU3HAHHON B MHUPOBOM
MacmTabe TPaHCIOPTHOM €AWHMIBI, IPUMEHAEMOI NpH IIEpEeBO3KE I'CHEPAIBHBIX T'PY30B.
3HAaYUTENbHBIM BKIAJ B KOMIUIEKCHOE Pa3BUTHE HAIMOHAIBHOW CHCTEMBI KOHTEHHEPHBIX
MIepeBO30K BHECIN paboTHI TaKuX y4eHbIX, kak M.Jl. Amycun, B.C. By6skun, A.A. Bynos,
B.K. Kanaues, B.1. Kpaes, C.M. IIbsnbix, B.1. CaBun, B.®. Cupotckuii, A.E. CykoiieHoB,
W.I1. ®anees [1]. PaboThl yka3aHHBIX aBTOPOB (GOPMHUPYIOT PyHIAMEHTAIBHEIE TTOJIOKCHIS
B OOJIACTM OpTaHH3allMd M TEXHOJOTHH TNEPEBO3KH KOHTEHHEPHBIX I'Py30B MOPCKUMH U
PEYHBIMU CYAaMHU Pa3IM4YHBIX KOHCTPYKLUHMI M THNOB. B HuX Tarke onpejaeneHsl oOmiue
TpeOOBaHUSA K OpPraHU3allMd M TEXHOJIOTHH IEepEerpy3KH YHUBEPCAIBHBIX KOHTEHHEPOB B
MOPCKHUX M PEYHBIX MOPTaxX ¢ MPUMEHEHHEM Pa3INYHbIX COUETAaHHUH MOPTOBOTO M CYIOBOTO
MIEPerpy304HOTo 000pyIOBAHHUS.

Ha py6esxe 2000-x roJjoB Hay4HBIE ITOJIXOABI PA3BUTUS JIMHEHHOTO CYAOXOACTBA CTAJIO
HEOOXOAMMBIM paccMaTpHBaTh B TOM YHCIIE C TO3WIMH PACHIMPEHHs KOHTEHHepu3arun
Ipy30II0TOKOB, YCHJIEHUS HHTerpanuu ydacTHUKOB TTC MyIbTHMOJANIBHBIX NEPEBO3OK,
BBICTPaMBaHUs TJIOOAJNBHBIX IIEMIOYEK IIOCTABOK HA OCHOBE KIIOYEBBIX HAIpPABICHUH
CyJ103aX0/I0B.

MeTtozponoruueckue MOAXOAbI K ONTHUMAIbHOMY IJIAHUPOBAHHIO BHYTPUCHUCTEMHOIO
B3aMMOJEHCTBHA IOPTOB U JIMHEWHOTO CYAOXOJACTBA, TEXHOJIOTMM M OpraHU3alus
Meperpy304HOro  mporecca OOBEKTOB TEPMHHANBHOW HH(PACTPYKTYPBI, BOIPOCHI
noBbIIeHUsT 3()(GEKTUBHOCTH (QYHKIMOHUPOBAaHHUS KOHTEHHEPHBIX MOPTOB B HOBBIX
YCIIOBHSIX ~ DKOHOMHYECKOH  JEATENbHOCTH  OBUIM  PAacCMOTpPEHBl B paboTax
A.JI. Crenanoga [3].

B tpymax S.5. Orimrta mpeacTaBieH aHANU3 AKOHOMHYECKOH 3 (HEKTHBHOCTH
(YHKIIMOHHPOBaHUS KOHTEHHEPHOU TPAHCHOPTHO-TEXHOJIOTUYECKOI CUCTEMB,
3(G(PEKTUBHOCTH  MYJIbTUMOAAIBHBIX  II€PEBO30K, OCYIIECTBIAETCS MaTeMaTHYECKOe
MOJIENIMPOBaHNe (DYHKIMOHMPOBAaHHSI TPAHCIIOPTHOM KOMIIAaHWH, TPHBOAWUTCS METOIMKA
aHanu3a 3QQPEKTUBHOCTH PaOOTHI TPAHCIOPTHO-JIOTHCTHYECKOTO XOJJIUHTA, C(HOPMUPOBAH
MOJIETIMPYIOIIMI  anroput™M  (QyHKIMOHMPOBAHHMS  KOHTEHHEPHOM  TPaHCHOPTHO-
TEXHOJIOTHYECKOU cUCTEMBI [4].

HccrnenoBanuio BONpocoB (GyHKIMOHUPOBAHUS CIOXKHBIX TPAHCIIOPTHBIX CHCTEM, B TOM
YHCcJIe IOPTOB M 3BEHBEB «(PIIOT — HOPT» C YIETOM NMPOBOANMBIX B CTPAHE IKOHOMHUYECKHUX
pedopm mocsmieHsl paboTrel A.B. KupuueHko, B KOTOPBIX OTPa)KalOTCS ITPHUHITUIIEI
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9KCIITyaTallid BOJHOTO TPAHCIOPTA C MO3UIUHU I'PY30BIAACTbLA M €r0 B3aUMOJCHCTBHSA C
00BEKTaMHU TEPMHUHAIBHOI HHPPACTPYKTYPHI [5,6].

XapaxTep 3BOJIONNH MArHCTPaIbHO-(PHUAEPHBIX TPAHCIOPTHO-IOTHCTHIECKUX CHCTEM,
CO3/IaHNE MHTETPUPOBAHHON CHCTEMBI SKCIUTYyaTallHOHHBIX U 3KOHOMHYECKUX MTOKa3aTeNeH,
OTpaXaIOMMX OOIIETPAaHCIOPTHBIE W BHYTPHCUCTEMHBIE MPOLECCH KOHTEHHEPHBIX
TEPMHUHAJIOB, T€HE3UC MOJeIeH pa3BUTUSA IOPTOB COBPEMEHHOM TPaHCHOPTHOW Hayke,
knaccudukanys 1 (QyHKUMOHAJIBHOE MOJEIHPOBAHHUE SIIEIOHUPOBAHHBIX KOHTEHHEPHBIX
TEPMUHAJIOB paccMOTpeHs! B paboTax A.JI. Ky3nenosa [7,8].

Ocoboe 3HaueHue mnpezncraBisitoT Tpyabl M.A. PycunoBa, W.A. T'aBpunosoii, A.T.
Henorosa, oTpakaromue BONPOCHI PETYIHPOBAHUS JIMHEHHOIO CyMOXOJCTBA Ha OCHOBE
aHanm3a nojoxennit koHBeHnnH OOH o Komekce moBeneHUs JIMHEHHBIX KOH(epeHIHH, a
takke onbIT Anonnu noxutuky EC, KHP, CIIIA B o6mactu nuHEHOTO cymoxoacTsa [9].

B paborax A.B. Tl'anmmua cdopmupoBaHBl 3aqaddl TNPOCKTUPOBAHHSA KOHTEHHEPHOU
JIMHUH B COBPEMEHHOM TpaHCIIOPTHOH cucteMe Poccun, mpon3BeieH aHATUTHYECKUI 0030p
METOZIOB MapIIpyTH3allMM CyJOB B JHMHCHHOM KOHTEHHEPHOM CepBHce INpH cOoe €ero
paboThl, MOKa3aHa KIaccu(UKanus KOHTCHHEPHBIX MOPTOB HA OCHOBE CYJOXOJIHBIX JIMHHH,
MOJieNb ONTHMM3ALUU JIMHEHHBIX MapUIpyTOB HAa OCHOBE TIE€HETHYECKOTO aJIropuTMa,
000CHOBaH YHU(HMIMPOBAHHBIH METOJ Uil MapUIpyTH3alUH CYHZOB Ipu cboe paboThl
JIMHENHOTO KOHTeitHepHOoTOo cepBuca [10].

Bonpocamu kauectBa ¥ 3((PEKTUBHOCTH KOHTEHHEPHBIX IEPEBO30K IPY30B, B TOM
yycie Ha BHYTPEHHEM BOJHOM TpaHCIOpTe, 3aHuUManuch ydenele B.II. 3agecos, B.JL
31o3uH, B.H. Koctpos, B.1. Koxyxaps, U.K. Ky3semuues, A.A. Jlyrosen, A.I'. Manblkus,
H.C. Ornenxun, FO.U. [Tnaros, B.B. [lonos, U.A. Parynun, A.H. CutnoB, A.B. Crenanen,
AN. Tenerun, M.®. Tpuxyskos, 0.H. Yprmunues, A.A. Xoxios, B.B. LlsepoB u ap.
[1,11,12].

B ToM umcne ObUTM HMCCIIEZOBaHBI BOMPOCH CO3JAaHUS MYJBTHMOJAIBHBIX IPY30BBIX
TepmuHaioB B peunsix moprax (B.H. Koctpos, [.C. EpmakoB), pa3Burue
MYJBTHMO/JAIBHBIX TEXHOJOTHA Ha OCHOBE HCIIONB30BAaHUS THIIOB CYIOB BHYTPEHHETO
iaBanust (H.A. E¢pemos, B.H. KoctpoB), chopMupoBaHa KOHUENIMS pa3BUTHS U
OpraHM3alMl KOMOWHHPOBAHHBIX (CMEIIAHHBIX) IEPEBO30OK Ha BHYTPEHHEM BOJIHOM
TpaHcnopTe B coBpeMeHHbIX ycnoBusax (B.H. Koctpos, A.O. Huunnopyk, C.B. Koctpos,
J.H. CyxapeB), onpeneneHsl OCHOBHBIE HAIIPABJICHUS Pa3BUTHS JIOTHCTUKH Ha BHYTPEHHEM
BoaHoM Tpancmopte (O.JI. Jomauna, B.H. Koctpos, A.O. Huuumnopyk).

[IpencraBneHHble WCCIENOBaHMS O007aJal0OT OCHOBOIOJIATAIOIIMM 3HAUYCHHEM IS
Pa3BUTHS IMHEHHOTO CyIOXOACTBA B TPAHCIIOPTHOM KoMmIiekce PO.

B coorBercTBMM C TpHBEAECHHBIMH (YHIAMEHTAJIbHBIMH TPYJaMH, a TaKke
COBPEMEHHBIMH  TCHICHIMSMU  Pa3BUTHs ~ BHENIHEH TOPTOBIM, TIOJl  JIMHEHHBIM
CYJO0XOJICTBOM MOHHMMAeTcsi (popMa OpraHU3aLUH IEpPEeBO30K, NPH KOTOPOH IIEPEBO3UHK
OpraHHu3yeT PETyJIIpHOE JBMKEHHE CYJIOB 110 OOBSBICHHOMY PACIHMCaHHIO U 00eCTIeunBaeT
JIOCTaBKy TPY30B pazINYHON MapTHOHHOCTH, MPHUHAICKALIUX HEOINPEIeIeHHOMY KPYTy
IPy300TIIpaBUTENEH, UCIONb3Yysl CTaHIAPTHBIE YCIOBHSA IOTOBOPA MOPCKOH MEPEBO3KH U
€IMHBIEe TapUQHI.

XapakTepHble 4151 0hOpMIIEHHON TPY30BOH JIMHUY MIPU3HAKH IPEACTABICHBI Ha pUC. 2.
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‘ I'pyzoBas JHHHA BOJHOTO TPAaHCHOPTA ‘

4{ ZAKPEIITICHHE 33 aHHHER KOHEPETHEIX IIOHMEHOEAHHEIX CVA0E HA IIEPHOI HE MEHES 3-x MecAmes ‘

VCTOHYHEBIH peXHM JEHJKEHHA CYSOE Ha JHHHH. Oa30BBIE IOPTHEL 2aX0Jd. HX PpOTAIHA
NPOJ0CEHTEIBHOCTE CTOAHKH CYAOE B KAKIOM IOPTY, IPHMEPHO 0JHHAKOBEIE CPDOKH JOCTABKH I'Py3a
EBO BceX peficax

PeTVIApHOCTE padoTel (uIoTa, T.€. HAMHYIHE A/l KaKIOr0 IOPTa 9eTKO YCTAaHOEACHHOH JacToTa
ABMGKEHHA CYI0E THHHH (He MeHee 1-ro)

HAMHYIHE 23paHee ONVOIHKOBAHHOIO PACHHCAHHA, B KOTODOM I7If KLEIOTO pefica VKasEIBaeTcd: 10
IOpPTaM MOTPY3KH — JaTa BEIX0JA CYOHA B pefc, II0 IIOPTaM BEITPYIKH — OXHIAaeMad JaTa NpHOEITHA

4‘ 9aCcTOTA 3aX0J0B B DazoBsIf poccufickuii mopt

Puc. 2. OcHOBHBIE IPU3HAKU I'PY30BOM JIMHUH HA BOJHOM TPAHCIOPTE

PerynspHple TeEpeBO3KHM MAaCCOBBIX Tpy30B (HAJNMBHBIX, HaBaJOYHBIX, JIECHBIX,
3€pPHOBBIX, yIOOpEHUI) MO YCTaHOBJIEHHOMY rpaduKy Ha OCHOBE 4apTepa Ha HECKOJBbKO
MOCJIEIOBATENIbHBIX ~ PEHCOB WM JIONTOCPOYHBIX (DPAXTOBBIX  COTJIAIICHUH MEXIY
¢paxToBaTeseM M CyIOBJAJeNblieM K JIMHEHHOMY CYyJOXOJACTBY HE OTHOCATCS H
pETUCTpaIMX B Ka4eCTBE TAKOBOI'O HE MOJIeXkaT.

BwMmecre ¢ TeM, CylecTBYIONINE TEHICHIIUN CTPEMUTENbHOM 1IU(POBOI TpaHchopMauu
TPAHCIIOPTHOTO KoMIUIekca PD TpeOyroT AaabHEUIIero pa3BUTHs HAYYHbBIX UCCIICIOBAHUIN B
TAaHHOM 00JIaCTH.

CornacHo TpancnoptHoit ctparerun Poccuiickoir ®enepaunn a0 2030 roma c
mporHo3oM Ha mepuox Ao 2035 roma cucTeMOOOpa3yoUIyl0 OCHOBY HAIMOHAIBHOM
MIOJIUTHKHM COCTABISIET PEIICHHE JOITOCPOYHBIX 33/1a4, B YHCIE KOTOPBIX oOecrieueHue
cOaTaHCHPOBAaHHOTO POCTAa KOHKYPEHTOCHOCOOHOCTH, JOCTYIMHOCTH M KadecTBa YCIyT
BHYTPEHHET0 BOJHOTO TPAHCIIOPTA.

B cooTBeTCTBHMM ¢ TPUBEACHHBIMH LEISIMM, TIPEACTABISETCS LEIecO00pa3HBIM
OCYIIECTBJIIEMOE B HACTOAIIEEe BpeMs co3/aHHe M BHeApeHue HarmonamsHON 1udpoBoit
mwiatpopmel  ['ocJlor, BemonHAOmMEH (YHKOIMM aHATUTHYECKOTO  COMPOBOXKACHUS
OpTraHM3aIlMi MYJIbTUMOJAJIBHBIX IEPEBO30K C YyYaCTKaMHU JIMHEHHOTO CYAOXOJACTBA U
Ha3eMHOT0 TPaHCIIOPTHPOBAHUS.

Oobcy:xnenue

Jnst BeIpaOOTKN HPEIUIOKEHHUH TI0 COBEPIICHCTBOBAHWIO HOPMAaTHBHOM TEXHHYECKOMH
0a3bl, METOAMYECKHX, AHAINTHYECKUX W WHQPOPMAIMOHHBIX MaTephajoB, MOATOTOBKH
peKOMEHJAUi MO0 BHEAPEHUIO AaKTyalbHBIX MPAKTHK OSKCIIyaTallUd JIMHEIHOTO
CYJI0XOJICTBa MPE/ICTABISIETCS] BOCTPEOOBAaHHBIM DACIIMpPEHNE HCCIIENOBaHUH B 00nacTu
OpPraHU3aIMOHHO-TEXHOJIOTHYECKOTO 00ECIeUeHNsI JIMHEHHOTO CyNOXOZCTBa, 4YTO Oyner
COZIEHCTBOBATh PELIECHUIO CIEAYIOINX 3a/1ay:

— hopMupoBaHMe NPENTIOKEHUH 110 ONTUMH3AIWK pabOTHl BOAHOTO TPaHCIOpPTa
myTeM pa3BuTHA (opmanmnzoBaHHBIX TTC JHHEHHBIX MYJIBTUMOIAIBHBIX TIEPEBO3OK,
ABTISIOIINXCA 0a30i pacmpeneneHns rpy30I0TOKOB MEX/Ty Ha3eMHBIMH BHJIaMH TPAHCIIOPTA
U BOJHBIM TpaHCIOPTOM B coorBercTBUU ¢ DenepanbHeiM NpoekToM «TpaHcnOpTHO-
JIOTUCTUYECKHUE LIEHTPBI».

—y4yacTHe B mpouecce pa3padOTKM €AMHBIX HAIMOHAIBHBIX  CTAaHAAPTOB,
obecrieunBarONIMX KOMIUICKCHYIO IM(ppoByto Tpanchopmanuo TTC MynbTHMOIAIBHBIX
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MIEPEBO30K HAa OCHOBE BOJHOTO TPAHCIIOPTA B COOTBETCTBHU C BEIOMCTBEHHBIM NPOECKTOM
«ndpoBoii TPaHCTIOPT M JTOTHCTHKAY.

— pa3pabOTKa  TPELIOKEHWH IO  COBEpIICHCTBOBAHHIO  KOMIUICKCA  Mep
TOCYapCTBEHHOMH MOAJEPKKH TIPOEKTOB BHYTPEHHETO BOJHOIO TpPAHCIOPTA C
UCTIONB30BaHUEM MEXaHH3Ma TIOCYJapCTBEHHO-YaCTHOIO MapTHEPCTBAa, KOHLECCUH U
CTHUMYJIMPOBaHUE JOTOJIHUTENIBHBIX 4YacTHBIX WHBEeCTHLMH. PermieHue 3amaum Oyner
CHOCOOCTBOBaTh CO3JaHHI0 KOHKYPEHTOCIIOCOOHBIX ~MEXKIYHAPOAHBIX TPAHCHOPTHBIX
KOPUIOPOB, MPOXOAAIUX MO Tepputopuu PP, pocTy BHENIHETOPTOBBIX M TPAH3UTHBIX
MEPEeBO30K 10 BHYTPEHHUM BOAHBIM IYTSIM, B TOM YMCIE YBEIWYECHUIO KOHTEHHEepU3aLuu
IPy30I0TOKOB.

— YCWJICHHE HHTETpalM YYaCTHUKOB IHM(POBOr0 MEPEBO30YHOTO IIpoliecca i
CO3MaHUs eOMHOW WH(POPMAIMOHHOW CpeAabl, BKIIOYas pa3paboTKy MpemIoKeHnui 1o
BHEJIPEHHUIO CHCTEMBI CIMHBIX 3JIEKTPOHHBIX JOKYMEHTOB, CEPBHCOB «EAMHOTO OKHay,
MHTETPALUH C TU(POBBIME TPAHCHOPTHO-JIOTHCTHYECKUMH TUIAT(GOpMaMu NPy ECTBEHHBIX
TOCY/apCTB.

— PasButue wuccnenoBaHuii B 00MacTM  OpraHU3aLMOHHO-TEXHOJOTMYECKOTO
O6GCH€‘ICHI/I}I JIMHEUHBIX MYJIbTUMOJAJIbHBIX TNEPEBO30K  MO3BOJIUT CO[[eﬁCTBOBaTL
peanu3any  CTPAaTEerMYeCKWX MPEUMYIIECTB BOJHOTO  TpaHCIopTa (OomTUMajbHas
ce0eCTOMMOCTh TEPEBO3KH, HKOJOTUYHOCTh, IHEProd(PeKTUBHOCT, U OE30MacHOCTH),
CHWIKCHUIO YACJIBbHBIX TPAHCIIOPTHBIX HU3JACPIKECK B LEHE TOTOBOM OpOAYKIIUH, POCTY
WHBECTUI[MOHHON TIPUBIIEKATEIIBHOCTH M KOHKYPEHTOCTIOCOOHOCTH, YCWJICHHIO PO
SKCTIOPTHBIX W TPaH3UTHBIX MEPEBO30K NPH HCIOJIB30BAHHM BHYTPEHHETO BOJHOTO
TpaHCIIOPTA.

3akarouenue

[IpoBeneHHbIit B HaHHOW paboTe 0030p OCHOBHBIX HANPAaBICHUN HCCICAOBAHUHA B
o0acTy TMHEHHOTO CyJOXOJ/CTBA ONpPEJIeIseT MEePCIEKTUBHBIE HAIIPABICHUS Pa3padOTOK B
JTaHHOW cdepe: HCMOJIb30BaHNE COBPEMEHHBIX IM(QPOBBIX TEXHOJOTHH Ul aHAIH3a
nH(pOpMaLNK U IPUHSITHS ONTHUMAIBHBIX PEIIEHUH B KpaTdailliie CPOKH ¢ MUHUMAJIbHBIMU
M3Iep)KKAaMH Ha OCHOBE JOCTyNa K aHAIMTUYECKOW WH(GOpPMAIMU M0 peai30BaHHBIM
IepeBo3KaM, BBINOMHEHHbIM YydacTHHKaMu TTC; pelcTByromme B TeKyllee BpeMs
MapUIpyThl ¥ PacHMCaHUs MEPEBO3KU 1O BceM BuaaM TpaHcrnopTa TTC MymsTHMOAaIbHOM
MIEPEeBO3KHU; YCIOBHSA TEPEBO3KHM PA3NUYHBIMHM BHJAMH TPAHCIOPTA 1O HHIUKATHBHBIM U
Haubosiee BOCTPEOOBAaHHBIM MapUIPyTaM, YTO II03BOJISIET OLIGHHTh BapUaHThl CIIOCOOOB
JIOCTaBKHA TPY30B, ITIOJyYEHHBIX HAa OCHOBE MHOTOKPHUTEPHAIBHOTO OTOOpa, M IIPHHATH
000CHOBaHHOE peEIICHHE O BBIOOpE onTuManbHOro Bapuanta TTC  nuHEHHOMN
MYJbTUMOJAIBHON NEPEBO3KU.
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AnHoTtanus. KoHTposs nenoBoit 00CTaHOBKM Ha pekax, 03epax M B MPHOPEKHBIX MOPCKUX
aKBaTOPHSX SIBISIETCS KPUTHYECKH BAXKHOW 3amadeld Juisl oOecriedeHWs 0e30MacHOCTH
CYHZOXOACTBA, ONTUMH3AIMU M IPOJUICHUS HAaBUTallMM, a Takke (YHKIHOHHPOBAHHS
HOPTOBOH HHQPACTPYKTYphl B YCIOBHAX CE30HHOro jexnocraBa. OcoOyro aKTyaJbHOCTb
TEXHOJIOTHSI TIPHOOpeTaeT B KOHTEKCTE pPAa3BUTHSl apKTHYECKUX MapIIpyTOB, BKIIIOYAs
CeBepHBIIf MOPCKOHl ITyTh, TJ€ AWHAMHKA W IPOYHOCTH JbJa HANPSAMYIO BIMSIOT Ha
JIOTHCTHYECKYI0 3((EeKTHBHOCT, M O€30MACHOCTh IUIaBaHUs. B cTaTee mpeioxkeHa
TEXHOJIOTHS HHCTPYMEHTAIPHOTO MOHHTOPHHTA MPOYHOCTH ¥ TONIIMHBI JbJa C
HCTIONB30BAHIEM MOOWIBHBIX JIHJAp-CKAaHEPOB M METOJOB CEMAHTHYECKOH CerMeHTaluu
00JIaKOB TOYEK, MTO3BOJISIONIAsl CHU3UThH ONEPAIMOHHBIC PUCKH Ul BOAHOTO TPAHCIIOPTa H
o0ecreynTh CBOEBPEMEHHOE IpHUHATHE pelleHuid. Peanmusanus OpHEHTHpOBaHA Ha
IpoecCHOHANEHBIX MOJIb30BaTeNel (IKHUITAKH CYHOB, CIY)KOBI OPTOB, aAMHHUCTPALINH) U
IIPE/ICTaBIICHa B BUJIE MOOWIBHOTO HPHJIOKEHHUS, BBIIOJIHSIONIETO BBIYUCICHHS JIOKAIBEHO C
MIPUMEHEHHEM BBICOKOIPOM3BOAUTEIBHBIX ONTHMU3NPOBAHHBIX OMONMMOTEK C SApPaMH Ha
C/C++.

KioueBsle ciaoBa: munap, modwisHOe 3D-ckaHMpoBaHHE, 00Jlaka TOYEK, CEMaHTHYECKas
CerMEHTAIlMs, JICIOBbI TOKPOB, O€30MacHOCTh CYIOXOJCTBA, MPOJJICHHE HABUTAIHH,
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Abstract. Monitoring the ice situation on rivers and reservoirs remains a challenging applied
task for ensuring the safety of ice crossings, recreation areas, and ice fishing sites, as well as
preventing natural and man-made disasters in regions with seasonal ice cover. This article
proposes a technology for instrumental monitoring of ice strength using mobile lidar
scanners and semantic segmentation methods for point clouds, which can help reduce risks to
human life, water infrastructure, and the overall economy of the industry. The
implementation is aimed at the mass user, in the form of a mobile application that performs
calculations locally using high-performance libraries with C/C++ cores.
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BBenenue

I'moGansHOE M3MEHEHNE KIMMAaTa MIPUBEJIO 32 TOCIEIHEee ACCATIIICTHE K 3HAUATEIIEHBIM
W3MEHEHHSM B CpPOKaX JIEOCTaBa, IMPOJOIDKUTEIHHOCTH M XapaKTEPHCTHKAX JIEJOBOTO
MOKpOBa. OTH W3MEHEHHUS HANpsIMYyI0 3aTParvBaloT THUAPOJOTHUSCKHM pEeXUM U
XO3AACTBCHHYIO JICATCIBHOCTh, CBS3aHHYIO C BOJHBIM TpaHCHOpTOM. HecTaOMimbHOCTH
JICIOBOM OOCTAaHOBKH CO3/1a€T 3HAYMTEIBHBIC PUCKHU I OS30MacHON SKCILUTyaTalluy CyJ0B,
paboTHI IOPTOB, a TAKXKE MOBHIIIACT OMACHOCTH JICJIOBBIX 3aTOPOB U HABOJHCHUIH B TIEPHOJT
nenoxona. Jls KIFOYEeBBIX apKTUYECKUX MApIIPYTOB, TaKUX Kak CeBEpHBIH MOPCKOH MyTh,
OTEPATUBHBIA U TOYHBIN KOHTPOJb COCTOSHHS JIbJIa CTAHOBUTCS (PAKTOPOM 3KOHOMUYECKOMH
Y HABHMTAIIMOHHOW 0E30MaCHOCTH.

CymecTByIomue IpakTHKA KOHTPOIIS IPOYHOCTH JIb/Ia — BU3yaJbHAs OLleHKA, OypeHHe
KOHTPOJBHBIX JTYHOK, JTHHEHHBIE N3MEPEHHS IPOMEPOM — CYOBEKTHBHEI, TPYA03aTPAaTHHI U
HeOezomacHel [IA  wcroiHuTeNd. OQUIMaIbHBIA MOHHTOPUHT JICIOBOH OOCTaHOBKH
TPaIUIMOHHO BeAETCA C NPUMCHEHHEM IOPOTOCTOSIINX CPEACTB a’dpoOTOCHEMKH U
pamapoB, 9YTO IDIOXO MAcIITa0MPYyeTCs C OMEpaTHBHBIM KOHTPOJIEM CIEIHAIACTAMH,
paboTaromiMu  Ha CyAax BONHOTO TpaHCmopra. [lapaiuiedpHO, CTpeMHUTEIhHOE
pacrpocTpaHeHHe MOOWIBHBIX YCTPOMCTB C TEXHOJOTHEHl OOpTOBOrO  J1a3epHOTO
nmuctanionHoro 3ouaupoBanus (LiDAR), nmemaeT akTyaldbHBIM CO3JaHHC OC30MACHBIX,
JIOCTYMHBIX XM TOYHBIX METOJOB HHCTPYMCHTAJILHOTO KOHTPOJIS, ISl OTCICKUBAHHUS H
co3naHus TPEXMEPHBIX KapT mpolieccoB Jeaoctasa [1-3]. KonTposb nemoBoro mokposa Ha
OCHOBE CEMAHTHUYECKO# CErMEHTAIUU O0JIAKOB TOUCK, IMOJTy4aecMbIX MOOHILHBIM JIHAAPOM,
C TOCIENYIOMMM pacyéToM TONIIHMHBI JbJa ¥ OTOOpakeHHEM 30H pHCKa B
MTOJIb30BATEIIBCKOM uHTepdeiice, TTO3BOJISIET aJanTUPOBATh HHPPACTPYKTYPY
BOJIOTIONIG30BAaHUSI W CBOCBPEMEHHO OCYIIECTBIATH MEphl 10 CHIDKCHHIO PHCKOB
B3aMMOJICHCTBHS BOJIHBIX YKOCHCTEM U TPAHCIIOPTA.

MeToabl 1 MaTepuaJIbl

Pa3zBuTne MOOMIBHOTO JIMAP-CKAHMUPOBAHMS I103BOJSET (OPMHPOBATH JETalTbHBIC
o0Jaxa TOYeK JIOKAJBHOTO Y4acTKa JIbAa C TOYHOCTBIO, JOCTATOYHOW JJISI TEOMETPUIECKHUX
MOCTPOCHUH B YyOOOHOM Ui TMOJIb30BaTeNs pexumMe. [lis aBroMaru3aluy aHaiu3a
1es1eco00pa3sHo MPUMEHATh MOJETH CEMaHTHUECKOW CETMEHTAINH KaK HEelOCPEACTBEHHO B
3D-o6nake (PointNet/PointNet++, RandLA-Net, Sparse-U-Net Ha pa3pexeHHbIX CBEPTKaAX),
Tak u B 2.5D-mpenacrasieHun (MPOCKIMS HA KapTy AaTbHOCTH/TIYOHUHBI C MOCICIYHOIUM
MIEPEeHOCOM MeTOK 06paTHO B 3D). BBuny orpannueHuid Mo nNaMsITH U SHEPTUH MOOMIBHBIX
YCTPOWCTB TpeanaracTcs THOPHIHBIA TOAXon, coderatommid Jnérkme 2D-cetm u
reoMeTpuueckue 1mocroopadorku [4,5]. Takast CTpyKTypHas JOTHKA IIMPOKO MCIIOIb3yeTCs
B TNPHUKIAAHBIX 337a4aX KOMIIBIOTEPHOTO 3pEeHWs JuId OTpaciiedl TpaHcmopra H
TIPOMBIIJIEHHOCTH.

Oco0y1o ocTpoTy mpobieMa OnepaTHBHOTO KOHTPOJIS JIEAOBOTO MTOKPOBaA NMPHOOpPETAaET
Ha CYJOXOAHBIX IIyTSAX C CE30HHBIM JIEIOCTaBOM, TIJi€ PHCKM Hambojiee BEIWKH, a
TpeOoBaHuSA K mpocToTe M 3()(HEeKTUBHOCTH pemeHniH MakcuManbHBL. K TakuM aprepusm
otHOCsTCs [1,2]:

1. KiroueBsle apkruueckne MapmpyTel (CeBepHBI MOPCKOH IyTh). 37ech
OUHAMUKa JIbAa KpalHe HecTaOwiIbHA W3-3a KIMMAaTHYEeCKUX W3MEHEHHH, a
TPaIUIMOHHBIE METOJIBl JIEJJOKOJIFHOW TPOBOAKM dHepro3arparHsl. CoryiacHO
HCCIIEJOBAaHHAM, MOIIHOCTH SHEPreTH4eckol ycraHoBkH cyaHa (N) Ha BO3IyIIHOH
MOJyIIKE, HEOOXOMMMOH /111 pe30HAHCHOTO Pa3pyLICHHUs JIbJa, HEIMHEHHO PacTéT ¢
yBenuueHueM ero ToamuHbl: Ncym = k X (hiapma)a, e o > OTo aenaetT KpUTHIECKH
Ba)XKHBIM TOYHOE 3HAaHHE JIOKAJBHOW TOJIIMHBI JIbJIA JUIS TUIAHWPOBaHUS 0€301acHOTrO
1 3KOHOMUYHOI'0 MapuipyTa.
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2. Buyrpennme Boxmuple myTH (cmbmpckue pexu OO, Enuceit, Jlena) mu
npHUnoproBas HHPpacTpykTypa. Ha 3THX 00BEKTaX JOTUCTHKA 3aBHCUT OT KOPOTKOH
HaBUTAllWY, a JIeAOBas pasBelKa YacTO IPOBOAUTCS YCTApEBIIMMH METOIAMH.
[Ipobrmema ycyryOmsercss oOpa3oBaHHEM TOPOCOB W TIPOMOWH, CO3IAOIINX
JIOKJIBHBIE 30HBI TIOBBIIIEHHOW OIIACHOCTH /IS CYJOB, HE 00JIaaloIux
JIEIOKOJIBHBIM KJIACCOM.

TakuM o00pa3oM, Ul JaHHBIX MapLIPyTOB HEOOXOAMMBI HPOCThie U 3(heKTHBHBIC
TEXHOJIOTUH, HE TPEeOYIOIIUE CI0XKHOTO 000PYIOBaHHS U TO3BOJISIONINE IPOBOAUTH OLIEHKY
HEMOCPECTBEHHO CHJIAMHU SKHIIaXKeH CY0B MM IIOPTOBBIX CITYKO.

[Tpu pe3oHaHCHOM MeTO/E pa3pyLIeHUs JE pacCMaTpPUBAETCs KaK IUIaBaroNias yrnpyras
mwractiHa. CyaHO Ha Bo3aymmHO# moxymike (CBII), nBurascek ¢ KpuTHIeCKOH (pe30HaHCHOI)
CKOPOCTBIO, BBI3BIBACT B ITOH IUIACTHHE W3THOHO-IPABUTALMOHHBIC BOJIHBI OOJBIION
aMIUTUTYIbl, YTO NPHBOOUT K pPa3pylICHHIO JibJa HPH OTHOCHTEIBHO MAaJbIX
JHepros3arparax.

Kpurnaeckast ckopocTh (Verit) HAIPSIMYIO 3aBHCUT OT ToNMMHUHB! paa (h). Ypomennas
bopMyna Ui ee OLICHKH B ClIydae TOHKOIO JbJA MMeeT BHI: Vit = /g X h , roe g —
YCKOPEHUE CBOOOIHOTO MaJCHUS.

Ha pucyHke 1 n3o0paxkeHa 3aBHCHMOCTH CyMMapHOW MOIIHOCTH JHEPrOyCTAaHOBKH
CyZHA Ha BO3AYLIHOW MOIYIIKE OT TOJIIMHBI pa3pyllaeMoro jibaa (Pe30HAHCHBIH METOX).
I'padpuk  WLTIOCTPUPYET KPUTHYESCKHH POCT  JHEProzaTrpar, 4Yro OOOCHOBEIBAET
HE00XOMMOCTh TOYHOTO HU3MEPEHHs TOIIIMHBI J1bAa h U1 IUIaHUPOBaHUS MapIIPyTa.

== CyMMapHas MOLYHOCTb 3HEProyCTaHoBKM (P)
06nacTb 3(pheKTMBHOIO NPUMEHEHNSA PE30HaHCHOrO MeTola
06nacTb KPMTUYECKOrO POCTa 3HEPro3aTpaT

1000 4

800

600 E
KpuTuyeckuin poct

MOLIHOCTK
TpebyeTca To4Hoe,
3HaHwe h ang
NNaHWpPeBaHUA M

400 4 pyTa

200 A
Hu3kne 3Hepro3aTpaTbl
ToyHoe u3meperue h
no3eonAeT BeI6paTL
S(MEKTUBHEIN PEXUM

CyMMapHasa MOLLHOCTL 3HeproycTaHosku, P (ycn. ef.)

" : , :
0.25 0.50 0.75 1.00 125 1.50 175 2.00
TonwwmHa paspyliaemoro nbaa, h (m)

Puc. 1. 3aBucuMoCTh CyMMapHOW MOIIIHOCTH YHEPTrOYCTAHOBKH CyIHA HA BO3AYIIHON ITOTYIIKE OT
TOJIIMHEI Pa3pyIIaeMoro JIbaa (Pe30HAHCHEIH METONT)

C moMomIb0 BCTPOSHHBIX KOHCTPYKLMI MOOWIBHON JIMJapHOI cHCTEMBI (PUKCHPYETCs
IIPOCTPAaHCTBEHHAs] HMH(OpMAIMs, BKJIIOYAIONIAs HHTEHCUBHOCTh OTPAXEHHS JIa3epPHOTO
curHana (mokaszarens III) m nBeroBele manHble (c) ¢ conpspkéHHo RGB  kamepsr;
MOJIOKEHHE M OpPUEHTALUsl YCTPONCTBA B MPOCTPAHCTBE BBIYHUCISIETCS BCTPOEHHBIM
moxynem SLAM (Simultaneous Localization And Mapping ); BEIOJIHSAETCS OTHOKpAaTHAs
BHEIIHSAS ¥ BHYTPEHHAA KaJTHOPOBKA JJIsl COTIACOBAHNS CHCTEMBI KOOPIMHAT.

CpéMKa IPOM3BOAUTCS CO CTOPOHBI Oepera Wi MOCTa C OXBATOM KPOMKH JIbJA H, IO
BO3MO>KHOCTH, OTKPBITON BOJBI (TIONBIHBH/TYHKH), YTO 00ECIIEUNBACT MPHUBSI3KY BBHICOTHOMN
OTMETKH BOJTHOM MOBEPXHOCTH (PUCYHOK 2).
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Puc. 2. ®ponTanbHas chEMKa JIbIa TeXHOIOTHUS 38 Scanner App

CemaHTHYeCKasg CerMEHTalWs, aJanTHpOBaHHas K 3ajade aHajuM3a JeJOBOI
00CTaHOBKH, BBIZEISET OOBEKTHI (HampuMep Touke B 3DmnpocTpaHcTBE) M NpUCBaMBaeT
CEeMaHTHYECKYI0 METKy (Kiacc): «JIéI», «BOIa», «CHEr» M JAp. B COOTBETCTBUHM C HX
CMBICIIOBOW TIPUHAICKHOCTEIO. Jlanee «moutn nBymepHble» maHble (2.5D) dopmupyror
MacKy CErMEHTAalll{, BKJIIOYAIONIYIO IOMOJHUTEIbHYI0O MH(POPMAIHIO O ITyOMHE/BBICOTE.
Uro mO3BONSET CT€HEpPHPOBaTh IOJHBIE TpexMepHble (3D) maHHBIE C NONONHUTEIEHBIMU
MIPU3HAKaMHU TOYCK HCXOIHOTO 00JaKa, METOAOM O0ydIeHHsI ¢ KOMOMHHPOBAaHHON (yHKITHEH
motepb. [l cormacoBanus pesynbTatoB npuMensiercs CRF (Conditional Random Fields)
moctoOpaboTKa ISl CrIaKUBAaHMS M YTOYHEHHS TpaHuIl, Ha rpade k - Ommkalmux coceneit
(kKNN). OmacHble 30HBI (HOJBIHBH, NPOMOMHBI, Pa3KWKEHHE JIbJa) 3aJaloTCsl Kak
2DnonuroHsl, MporpaMMHasl peanu3anus omupactcs Ha Oubmuoreky Shapely (GEOS),
KOPPEKTHO 00pabaThIBaIOIIyI0 IPaHUYHbIE Cllyyan W camoriepecedeHust [5-7]. Bce miarm
peanu3yroTcs B BekTopu3oBaHHOM BHae (NumPy) w/mimu yepe3 yckopenubie C/CH++-spa
(Open3D, OpenCV), uto obecrneuynBacT yCKOPEHHE UCTIONHEHUS Ha TIOPSIIKK 110 CPAaBHEHUIO
¢ HauBHBIMHU Python-muxmamu.
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Paspaborannas wuHpopmanmonHas cuctema (MC) aHamm3a JemsHOrO TOKpPOBa
0o0BemMHACT TEXHOJOTHIO KoMmmbioTepHoro 3peHus (YOLOVS), reomeTpudeckyro
00paboTKy M300paXeHUH JIbJ]a M €r0 TPAaANEHTHOE OKpAIlUBaHWE, BU3YaIH3UPYIOIIEe I
MI0JTb30BATEIS OMACHBIC 30HBI HA JIbIY.

Ha pucynke 3 mpencraBieHa aumarpamma nortoka npanHeix (DFD), omuckiBarormas
IpolecC aHajdW3a CHHUMKOB JICASHOTO TIOKPOBa C HCHOJIB30BAHUEM MOOHIBHOTO
NPWIOKEHNST M pa3pabOTaHHBIX BCIOMOTATENBHBIX Monyied. CxemMa WILIIOCTPUpPYyeT
TIOCJIEI0BATENILHOCTE 00pabOTKM JaHHBIX — OT MOJYYEHHsS CHUMKOB 1O (POPMUPOBAHUS
3D-mMonenu omacHeIX M 0OE30MAacHBIX YYacTKOB JibJa. B COOTBETCTBMM IpHHIMIIA
THJPOCTaTUYECKOTO PAaBHOBECHS JUIA IIPECHOBOJHOTO JIbJd M COOTHOIICHHS MEXIY
HaaBoHOU (10% 00BEMA) M MOABOAHON YACTSIMH JILIUHBI, TTOJHAS TOJIIHHA JTbAa Hmax =
Hupwather/0,1 (M), 9TO ¥ HCTIONB3yeTCS B pacdeTax MaTeMaTHIECKOTO MOJTYJIS.

[IporpammHO-anmapaTHasi apXuUTeKTypa, paspabortanHoit VMC BKIIOYaeT Clemyromnme
srarsl [8,9].

1. C60p mpoCTpaHCTBEHHBIX AAHHBIX OCYLIECTBIISIETCS C IOMOIIBI0 MOOMIBHOTO
npwioxeHns Ha tatdopmax i0S/Android, ympaBISrOmero CKaHHPOBAaHHEM U
OJTHOBPEMEHHOM JoKanu3auueil u moctpoeHueM KkapTtel SLAM. HeiipocereBas
Mozenb YOLO V8, ucnonb3yss TEXHOJIOTHHM TIIIyOOKOTO JIOY4eHHs, BBITIOJIHSET
MEpBUYHYIO CETMEHTALMIO Ha 0a3e nmporpaMMHbIX pemenuit PyTorch, Lite, CoreML,
NNAPI. OnmuonansHo BKIto4aeTcs 3DBeTKa ISl MOCTPOSHHSI TPEXMEPHON MOJIeNn
CIICHBI Ha OCHOBE PE3y/lbTaTOB CETMEHTAIUH.

2. Marematuyeckuii MOZYJb, IMPOBEPSET MNPHUHALIEKHOCTH 3D — Touek K
MOJIMTOHAM OIAaCHBIX 30H, B pPaMKaxX IPOCTPAHCTBEHHOTO aHAlU3a, HCIONb3Ys
oubmmorekn Shapely m GEOS. llens nmaHHOro MoOmynsi HEOOXOIUMOCTD
UACHTH(HUKALNY, TOYEK HAaXOASALIMECS OKOJIO 3aJaHHOTO YPOBHS BBICOTHI JbJa U
OTIPEJECTINTH MOTIA/IAI0T JIM OHHU B OIIACHBIC 30HBI.

3. B pamkax MaTeMaTHYecKOro MOIYJsl PEaIu30BaH AJTOPUTM BBIYMCICHUS
JIOKaJIbHOM  TOJIIIMHBI JIEASHOTO TOKpoBa hi HA OCHOBE NPOCTPAHCTBEHHOTO
pacripeseneHus To4YeK, WACHTH(OUIMPOBAHHBIX KaK MPHHAUIeKAIINE ONaCHOW 30HE
(pucyHoK 4).

far height in height_levels:
# Haxopws BCE TOYKM MERA Ha 3TOW BHCOTE B Npegenax MackW
peints_in_mask = []
for i in range(mesh.npoints):
¥, ¥, 2 = mesh.points[i]
if abs(y - height) < 0.82 # (y_max - y_min):
p = Pointix, z)
for candidate in [shapely_geoms[i] for i in tree.query(p)]:
for poly in get_all_polygons(candidate):
if poly.buffer(@.85),contains(p):
points_in_mask.append!( [x, v, z])
break

Puc. 4. Anroputm onpeaeneHus NpUHaUIKHOCTH KaXI0M TOUKH MacKaM CerMEHTalluu

4. T'pagveHTHBIN MOAYIIP BU3YATU3UPYET Pe3yiIbTaThl aHAN3a MPOCTPAHCTBEH-
HBIX JJaHHBIX, B PaMKax MOjb30BaTelbckoro untepdeiica Ul, dopmupys TemmoByro
KapTy pucka («0e30macHO/C OCTOPOKHOCTHIO/OMACHO») M BBIBOAWUT €€ Ha JKpaH
(pucynok 5). TeruoBas kapTa OTOOpa)KaeT OMACHYIO KPAaCHYIO 30HY, HACHIIICHHBIN
CUHHI LIBET AEMOHCTPHUPYET OE30MaCHYI0 BEICOTY U IUIOTHOCTb JIbJia.
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Puc. 6. CpaBHUTENbHbIH aHAIN3 IPOU3BOIUTEIBHOCTH ITOJXO/I0B K PELICHUIO 3a/]a41: HAUBHBII U
peaM30BaHHbIH B MH(POPMAIIMOHHOI! cCHCTEMe
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PesyabTaTsl

B pamxax pazpabotaHHO# cHCTeMBI, C(hOPMYITHPOBAHBI CICAYIOIINE PE3YIbTaTHI:

1. Pa3zpaboraHa mpakTH4eckas METOMOJIOTHS ISl OIEPATHBHOTO KOHTPOJISL
nmenoBoll  0oOCTaHOBKH. [IpemokeH W peann3oBaH TIOAXOJ, COUYCTAIOIIUI
MobmiapHOoe LiDAR ckaHMpoBaHMe, CEMaHTHUYECKYI0 CETMEHTAlWI0 O00JaKoB
tTouek (2.5D/3D) u rpaduyeckyro mocToOpabOTKy IS aHAIM3a XapaKTEPUCTHK
JbJIA.

2. Co3nana paboTocriocoOHass HHGOPMAIMOHHAS CHCTEMa aHAIN3a JICASHOTO
MOKpOBa, (opmupyromas BU3yaIbHYIO, TEIUIOBYIO KapTy pucka (Oe3omacHo,
OCTOPOXKHOCTBIO, ONACHO) JUISi HArJSITHOTO MPEACTAaBICHUS PE3YJIbTaToB
KOHEYHBIM IT0JIb30BATEIISIM U MyHUIUITAIBHEIM ciryk0am [10,11].

3. MocTurayTa BBICOKAsl BRIYHUCIHTENbHAS 3()(HEKTUBHOCTD, ITO3BOJIIIOMAS 32
Cc4ET BEKTOPW3AIIMH W HWCIIOJIH30BAHUS BBICOKONPOU3BOAUTEIFHBIX OHOIHOTEK
NumPy, OpenCV, GEOS, pocturarb NOBBILIEHUE  BBIYUCIUTEIBHOMN
3¢ (PEKTUBHOCTH BIUIOTH JO HECKOJIBKHX MOPSAKOB OTHOCHTEIHHO HAaWBHOW
uHTepnpeTannn Ha Python, 9rto mo3Bomser paboTate 0e€3 AUCKPETHOM
Bugcokaptel Ha wmoOmwibHOM CPU/NeuralCore (pucynoxk 6). Bmaromaps
ONTHMU3AIMK: CUCTEMa COXpaHseT paboTOCIOCOOHOCTh 0€3 JUCKPETHOTO
rpadudeckoro yckopurens (GPU); o0paboTka JaHHBIX BBIMOJIHICTCS Ha
BctpoeHHOM CPU wunu Neural Core MOOMJIBHBIX YCTPOMCTB, YTO KPUTHYECKH
B)XKHO JUIs IOJIEBBIX CIIGHApHEB NpHUMEHEHHs. TakuM 00pa3oM, HHTErpawus
BEKTOPH30BAHHBIX ONEpaIiii ¥ HU3KOYPOBHEBBIX SEp IO3BOJIACT pEaln30BaTh
pecypcoéMKre anrOpUTMBl KOMIBIOTEPHOTO 3pPCHHS W IPOCTPAHCTBECHHOTO
aHaJM3a B YCJOBUAX OTPAHWYCHHBIX BBIYMCIUTEIHHBIX MOITHOCTEH MOOMIBHBIX
YCTpPOMCTB.

4. TIpakTHyeckasl 3HAYUMOCTh pa3pabOTKU MOATBEPIKICHA I CyTOXOJNCTBA,
BHYTPCHHUX BOJHBIX MYTEH M MOPTOB, MPEIOCTABISAET BO3MOKHOCTh OIIEPaTUBHO
BBISIBJIATH OMNACHBIE 30HBI (TOPOCHI, NPOMOMHBI PaIKIKEHHE) 0€3 CI0XKHOTO
obopynoBanust. JlokazaHa TexHHYecKas peaiu3alys U IPUBEICHBI BU3YyallbHbIE
Ppe3yJIbTATHI

5. JlanpHeiiue HarpaBiIeHUs! Pa3BUTHS U COBEPLICHCTBOBAHUS TEXHOJIOTUH
OINpeZieJIeHbl M BKJIIOYAIOT YBEJIMYEHHE OOYyYarol[MX JaHHBIX ISl Pa3HbIX
MOTO/IHBIX YCJIOBHI M MOCIIEAYIOLIEe 1000yueHne ceTel.

3akaouenue

B pesymbraTe TMPOBENCHHOTO HCCICNOBaHWSA pa3padOTaHO MPAKTUICCKH
MPUMEHNMOE TPOTPAMMHO—AIapaTHOE PEIICHHE, KOTOPOE TII03BOJIIET OCYIIECTBISATH
OBICTPBIA W TOYHBIH aHaJIM3 JEJOBOH OOCTaHOBKH, BH3YaIM3HPOBAaTh 30HBI PHCKA IS
MTOBBIIICHUS] HABUTAIIMOHHOW W 3KOHOMHYECKoi Oe3omacHocTH. Llenn, mocTaBieHHEBIC B
HCCIICIOBAaHUH JOCTHTHYTHI:

1. Pemienue npejcTaBisieT co00i TOTOBOE K UCIIOJIb30BAHHUIO PUIIOKEHUE, HE
Tpebyrolee CI0KHOTO 000PYIOBAHUS WIIH CIIEIMATFHO 00YYEHHOTO TIepCcoHAaIa.

2. JlocTymTHOCTB 3KCIUTyaTalluy MPOTrpaMMHO-aIapaTHON HH()OPMAIIHOHHOH
CHCTEMBI 00ECTIEYMBAETCS NCIIOIH30BAHUEM MACCOBBIX MOOMIIBHBIX YCTPOWCTB H
HCKITIOYAET BBIXOJ] UeoBeKa Ha €N (ChbéMKa ¢ Oepera/mocra).

3. Jloka3aHO yCKOpEHHE BBIYMCICHHH Ha IOPSJIKU 3a CYET ONTUMH3ALUH
(NumPy, OpenCV, C++ snpa). TouyHOCTh 3asiBIIeHa W MOATBEPIKJCHA MOJIEIBIO
pacuera.

4. OnmcaHa TmoJHAas IENOYKa aBTOMAaTHYECKOH OOpPaOOTKH OT «CHIPBIX»
JaHHBIX ~ oOnaka Toyek g0  kinaccupunmpoBaHHoH — 3D-momenmn ¢
BU3yaIIM3UPOBAHHBIMH 30HAMH PHCKa.
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HebanaHcupHble SKops
AK24b u AK24

- macca ot 5610 go 15000 «r,
- SIBNAKTCS aHanoramm MMNOPTHBIX sIKkopei
AR-14.

CpeaHuid Mogynb
[ T T T T T T T 1
X X -,

fMoHmMoH KoMno3umHsbill
MOOybHbIU

AsnseTca 6a30BbIM Moaynem nnaByyecTu
Mogyne okoHeyHoCTH

LT 0T T T T T T T T T T

L, A~ A X

BRI A AR AR AR A AL

AnA  ycTaHoBKM Ha nanyBe HaacTpoek
pasnuuHoro EECERETIE] (rocTuHULa,
pecTopaH, macTtepckas 1 T.4.),

knacc PKO =P «1,2»

ModepHu3zauyus mennoxoda
JIEHA-HE®Tb (npoekm P77)

MopepHusauusa  HedTeHanUBHOMO  TaHKepa
npoekta P-77 B TaHKkep 3anpasBliMK C
[oobopynoBaHueM Koprnyca BTOPbIM [HOM.
Mocne MOAEepHU3aLMK cyAHo MOXET
BbINONHATL (OyHKUUMKM no ByHKepoBke CyOoB
TONNWBOM WM Macnom W  CcooTBeTCTByeT
3KONOrM4eckumM TpeboBaHnaM
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TexHonoz2usi cydopeMoHmMa

B pamkax HayuHo-uccnepoBatensckoro npoekTa no opmmupoeaHuio
MHMOPMALMOHHO-TEXHOMOrM4eckon nnatdopmol "®not-Cepsuc-CynopemoHT" ans
CY[0B BHYTPEHHErD U peka-Mope nnasaHus

Asmomamu3upoegaHHas

rnodzomoeka doKymeHmayuu
npu pemoHme cydoe | : .

W aKTOB

[eqeKTALAY HA CY/JOPEMOHTHbIX NIPENPUATHSX
naketr npuknagHbIx nporpamMm noaroToBkn
i S mommoesr
OpPraH3aUuMOHHO-TEXHUYECKOW OOKYyMeHTauun npu
PEMOHTE CYOOB.
Cupesa mensym:

Aensertca OCHOBOW ans HayuHo-
MCCMEeNoBaTENbCKOro NpoekTa no ¢ opMUpoBaHIio
WH(POPMALIMOHHO-TEXHOMOTMYECKOA  Mnatopmbl
"®nor-Cepeuc-CynopemoHT" ans cynos
BHYTPEHHETO W peka-Mope nnasaHua

OB sEDwCCTH BN

N own Mpawa Bu Crwse Opear Cepme lepumss Faapw doneene Cow Cpaec
DRE2E9 =004 5 ) XA AERT byt b eanla i i e

N comoman

Lila CooaKa neTpasHall pagousli cikl, K
i) o 4021 VTl e 14
>e [
o BRSO T TMLIY MR N T Y (T
i iy Taipyw' o P14
= =

2 T
ok e e s 5
Qi Hauansans PCO)
8

Cuctema obecneuyneaert:

*nofyyeHve B aBTOMaTWYECKOM pexumMe OTYETOB Mo Aedpektaumu U opMUpoBaHWE Ha UX OCHOBE
npenBapvTenbHON BEAOMOCTH PeMOHTa

*aBTOMATU3UPOBaHHbIW PACYET TPYLOEMKOCTM U OTMYCKHOW CTOMMOCTW PEMOHTHBIX pabot

* aBTOMaTH3npoBaHHoe (DOPMUPOBAHWE MOMHOIO NaKeTa OpraHW3aLMOHHO-TEXHUHECKON JOKYMEHTaLMK

ABTOMAaTM3MPOBAHHAA CUCTEMA YCMNELWHO peanun3oBaHa Ha NPeanpusiTusix oTpacnm
Takux kak AO «Ykanosckas cygoBepgby», OO0 «Bomxckas cygoxogHas KOMnaHus» 1 ap.

BHeapeHwe [aHHOMO NporpaMMHoro obecned“eHus No3sonseT B NEpUOA 3UMHETO PEMOHTA NOMHOCTLIO
aBTOMAaTW3MPOBaTL NOATOTOBKY [OKYMEHTaLMKW NO BCEM PEMOHTUPYEMBIM CyAaM U COKPaTUTL BpeMs eé
obpabortkm go 20 pas.

WWW.VSuwt.ru
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Pa6ombr KOHCTPYKTOPCKOIO BIOPO

| E B pamkax HanpasneHuii:

omcmoropcos oo e MH®PACTPYKTYPA BOAHOMO TPAHCTIOPTA 1
[HERITTIREL S NPOEKTUPOBAHWE MANIOMEPHOIO ®NOTA

NPEQNATAEMbLIE PELIEHUA 1151 BYHKEPOBKU MAJIOMEPHbIX CYLJOB
XKUOQKnv MOTOPHbIM TOMNTNBOM

Manan ByHKepogo4yHas craHyus

monnueopa3damoyHas
CroeqHoe cyaHo. lNogada TONNMBa MOXKET OCYLWeCcTBIATLCA
nnamdgopma KkaK ¢ Gepera, Tak W HaNWBOM C TaHKepa. B KOHCTPYKUMM MMEET TaHKKN
OCcoBeHHOCTL: peaeps ANA pasHelX BWOOB Tonnuea: BeHanHel AA-92 n AK-95, a Takke

[AU3enbHOE TONMMBO.

Ha cTasyuw ycTaHaBnMBaKTCs TOMNMNMEOPasaaToHbLIe KOMOHKM
WNU HacoCHAA YCTAHOBKAa C aBTOMAaTWM3MPOBAHHOW A030i BbiAaYM
Tonnuea. BoamoxHo npon3soauTs ByHKepOBKY Ha peige.

TONNWBA Haxopgutca Ha Bepery.
PaaMepsl nnathopumel B Nnade
10%5 meTpoB

Bonbwan monnueopazdamoyvHas nnamepopma

§ A% NpoaKTOR N0 GyMERBORKS YNGR Ha
BH)‘TDEHH HX BOAHLIX NYTAX (Ha BoaHbix obbekTax eHe BB npouenypa Apyras)

1 i obuectso; 2. A P BOAHLIX
[aHHBIM BUA CTEHUMW OQHOTO THMA C MANOW NNaThopMOoN, mnw‘me nyTed; 3. AuMqu!c‘lpaum PaloHa BOAHLIX NyTeH W CYIOXOACTRA; 4. Baooeuuosoe BOAHOS
3aKnw4aeTca B raﬁapvlTthx pasMmepax “ Tune ycra arsHicTBa  BOAWbIX  pecypcos; 5. TeppuiopuansHoe
P 6. 7. KowuTeT no wmywectey

PasfaToHHOI KONOHKA. 7 o g et T

PA3PAGOTKA TPOEKTOB XAYCBOTOB

> KoHcTpykTopekoe Glopo paspaboTano NpoekTHyto
lMpoexmuposarue dns ._;7(3& Mpoexmupoeanue nod camocmpod [OKyMeHTaUMIo ONA MNasyuux [OMOB (xayc6oTos)
cydoaepgu: (k“h" o (acmueie sakazyuxy) PaanU4HEIX  POCCMACKMX  NPOW3BOAWTENed,  of
SCKW3HBIX NPOEKTOB M NOCTPOEMHOM [OKYMEHTaUMH,
A0 MpOEKTOB  Mog  perucTpauui  Cyaoe
WMHAMBUAYANLHCA NOCTPOMKK U CEPUIAHOIO BhINyCKa

CymMmapHoe KOnu4ecTso
paJPESDTaHHhIX >2 00

NPOeKTOB ManomepHbIX

NpoeKTOB

Kemnep-6omer cynos

Pykosonutens KB
Wabana Anexcen MeHHaaLEBHY
+7 (987) 110-36-67
Kb@vsuwt.ru [ kbvsuwt.ru

KE vMeHn nixeHepa-
KkoHcTpykTopa E.B.
bankmoHoBa - noapalneneHie
YNpaRNEHUA Hay4HOW M
MHHDBAUVMOHHOW QEATENBHOCTH
rEOY BO «BIYBTx

r.vsuwt.ru
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HAYYHO-TEXHUYECKWUA TPEHAXKEPHbIN
LEHTP « MEXAHMUK »

;é HAYYHO-TEXHUYECKHWWA OTHEN J  -25ner BCcocTaBe
‘ Hay4yHOro AenapTrameHTa
BIryBT

O - Jlwgep no obbemy
nonyYeHHbIX  CpeacTs 3a
BbINOMHEHHbIE paboThbl cpeau
Hay4HbIX noapa3sgeneHwit
YHUBEpPCUTETA 3a BpeMs
CYLLECTBOBaHUS LIEHTpa.

1 KomneTteHuuw B obnactu
N YYEBHO-TPEHAXEPHAS BA3A / y4yacmok Ha TEXHONOTUi PEMOHTHON

#N A0 «EOPPEM®JIOT» / CBAPOYHbIM MOMUIOH CBapKM, HANMNAaBKMK,
HanbINeHus 1

nedeKTocKonuu.

0 Hay4yHo-TexHU4eckuiA otgen,
y4ebHo-TpeHaxepHas basa,
CBapO4HbI MOMNIOH.

0 O6yqenve ceapke,
paspaboTka
TEXHOMOTMYECKNX NPOLIECCOB
PEMOHTa NOBEPXHOCTEN
fAetaneii, cobcTBeHHOE
pPeMOHTHOE NpOVN3BOACTBO.

® |

‘ RN
S & i ™\, N
v BI'YBT v
“ Ha "pGMGEORCTEe ocobeHHo CEMHEC Ba)KH%PQ;O"h wrparT nioau paEc‘-lMx V“ yv
cneuuaanomem BbICOKOM KEaﬂM@MKaHMV\ 0Ta LeHTpa «MexaHuk»
BCeLlEﬂCI oTBeYaeT 33,5{3‘13” NoAroTOBKW Kagpos. OTpa\:neBaH
2 YE! g Hanpagr e pi 3aKa308, Hay noaxoa,
No3BoNsAT nyql.ue pacnpuea‘rb npodpeccuio.
. «Mexanmnk: ,

Poccus, H.Hoeropon, ya. b. [ledepckas 93

WWW.VSUWL.Iru
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Memoduka npou3sodcmea
800HOMPAHCMOPMHbIX IKCIIepmMus3

Cmapm Hosoz20
HanpaeJsieHuUs

Paspa6oTana akcnepTHas MeTonuKa
NpouW3BOACTBa CyAeBHbIX  BOAHOTPAHCMOPTHBIX
aKcnepTma, BKIIOYAI0LLARA TpéXMepHoe
MOAENVPOBaHUE PaCcCNENyeMoro CoBbITUS.

HOBW3HOW BbICTYMAET codeTaHue TpexmMepHon

BM3yanusayumn W nocrnenoeaTtenbHOCTH 3TANoB
BbINONHEHWA SKCNEPTU3bI

66

Cdenall ucmuHy
oyegudHoOU

" Meroa

P P

P ana

PaspabarsisatoTes nogxoasl coznanua VR cueH, cosgaHa
cneuuansHas naGoparopus.

DopMWpyeTcA HopmaTuBHaA Basa Mo NpPYMEHWMOCTA B
Gonee WNPOKOM KONUYECTBE Clyqaes

Kpacuse Gy, 0fOIAAOT IPIBYIO KPOMEY CYAABOTO

xojta

BredpeHue memodoe mpexmMepHoU
eusyanusayuu e cyGe6HyI0 IKCrIepmusy

KonmneKkTue aBTopoB METGAMKN:
COTPYAHUKN Kadbeapb! yronosHo-
NPaBoBLIX ANCLANIWH.

CyTb METOAWKH — BU3yanuaaLus
HapYLLEHWA HOPMATHEHO-NPABOBO
pernameHTaunm oeATensHoCTH,
KOTOpbIE NpUBENM K
BOAHOTPAHCMOPTHOMY
NPOUCLUECTBUIO.

3HaveHve ANs CNeacTBUA U CYOOB:

- oBecne4uBaeT HarmAAHOCTL.
Pe3yNLTATOR 3KCNEPTH3bI

- MoBbllWaeT 3htheKTUBHOCTH
MCMNONbL30BaHUA CnEHMaHth}X
3HaHWI NPy paccnenoBaHnm
npecTynneHni;

- YMEHBLIAET KONM4YECTBO
BKCNEPTHBIX OLINGOK;

(o] aTankl
METOAMUKM :

HOW

YETaHE
9KCNEPTOM-KPUMUHATIMCTOM
COBMECTHO C NLOM,

WWW.VSuwt.ru

Ha3HaYMBLUMM SKCNEPTH3Y,
HOPUANHECKA 3HAHUMBIX CTOPOH
Way4aemoro coBEITUs (yScHeHne
BKCMepTHO 3anaun);

M3y4eHUe HOPMATHBHO-NPABOBON
pErMameHTaLnK
COOTBETCTBYIOLUMX BUAOB
[EATENLHOCTH;

MbICneHHoe MOAenupoBaHue
uceneayemMoro cobbiTus no
CNefoBon KapThHe
MPECTYNNEHNS;

BEpUGUKALUA MOJIENI Ha OCHOBE
BCEX MMEHLLMXCA Y 3KCNEpTa
[iaHHbIX;

BU3Yanu3aLvs MOENV G
MOMOLLEI0 KOMMBIOTEPHOTO
MOflenvpoBaHKA.

YCTaHOBIIEHNE HE COOTBETCTBUI
MEK[Y HOPMaTUBHO-NPaBOBOI
pernameHTaunel AeATENEHOCTH N
pesynbTaTamy MOEN1pPOBaHUA;
hOPMYNMPOBKA BLIBOMIOB;
ochopMneHMe 3KCNepTHOro
3aKnoyeHus.
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HNudopmanus 1jst aBTOPoB

Tpe6oBanus K 0GOPMIICHHIO CTaTel, a TAKKE PUMEPB 0QOPMIICHHS CIIUCKOB JIUTEPATYPBI U3TI0/KEHBI
Ha caiiTe xypHaina http://journal.vsuwt.ru/index.php/jwt/rules

1. Mamepuansi, npedocmasnaemosle agmopom 6 peOaKuuIo:
1.®aiin ¢ Tekcrom ctathu (B popmate Microsoft Word i RTF) nanpasisiercst Ha 371eKTpOHHBIH
aznpec journal@vsuwt.ru au6o raeva.oa@yandex.ru. PexomennoBanusiii 00beM craten — 0,5 - 1
MEYATHBIX JTUCTOB (8-16 cTpaHmIT).
2.DKcIepTHOE 3aKJIIOUCHHE O BO3MOXXHOCTH OTKPBITOIO OITYOJIMKOBAaHHS MAaTepHalOB CTAaThH
(mMosxHO mpuciath PDF daiin Ha 3JIeKTpOHHYIO TOUTY raeva.oa@yandex.ru, 1160 HampaBiIsieTcs B
OymakHOM BHJE 10 axpecy I. Hwxuuit HoBropon, yi. Hecreposa, 1.5, x.971).

1. Ocnosnble mpetosanus K co0epicanuio Cmamou:
1.Marepuan, mpemaraeMelid A8 OyONMKAanWW, JOJDKEH OBITh  OpPUTHHAIBHBIM, HE
ONyOJIMKOBAaHHBIM paHee B JAPYIHX IMEUATHBIX M3MaHUAX HayuHas CTaThsi JNOJDKHA COMACPKAaTh
OUCBHUJIHBII JIEMEHT CO3[IaHUsI HOBOTO 3HAHUS B CPABHCHHH C MMCIONICHCS HAYYHOM JTUTEpaTypoi
o u3bpaHHO# TeMe uccienoBaHus. [IpennodTeHHe OTHACTCs CTAaThsIM HAayYHO-TEOPETUUECKOTO,
HAYYHO-TIPAKTHYECKOTO M aHATUTHUECKOTO XapaKkTepa.
2.IToka3arenb HTOTOBOW OLIEHKHA OPUTHHAIBHOCTH TEKCTA B CHCTeMe AHTHUILIATHAT JOJDKCH OBITH
He MeHee 80%, mokasarenb 3aMMCcTBOBaHHMsS He Ooiyiee 10%, mokazarenb CaMOIMTHPOBAHUS HE
6omee 25%

Ipu odopmieHnr cTaTbi PEKOMEHIYETCS OPUEHTHPOBAThLCS Ha yOnuKaiuu, Bouresiie B Tekymmi

BBIIIYCK.

1I1. ITepeuenv cmpyKkmypHuoixX I 1eMEeHMO6 CIAMbU
YJK (u3 knaccuduraropa)
Hagmucs "DOI: 10.37890/jwt.vi"
HaszBanue craTbu
Caenmenus 00 aBTopax B popmare:
o Munnnansr, amunms (Ha pyccKOM sI3bIKe) KaKAOTO aBTOpa, Harmpumep, V.J. lBanoB
e Unenrudukarop asropa ORCID, nanpumep, ORCID: http://orcid.org/0000-0002-8255-
3017
e [lepeueHs yupexaeHH BceX aBTOPOB 0e3 COKpalleHHi (He YyKa3plBaTh OpraHM3alHOHHO-
mpaBoBylo  ¢GopMy), MECTO U3IaHUSA, Hampumep, Boikckuii  rocymapcTBeHHBIH
YHUBEpPCUTET BOJHOTO TpaHcnopTa, r. Huwxkuuit Hosropoa, Poccus
AnsoTtaust o6semom 100-250 cioB TekcTa (He MeHee 10 cTpok)
Kirogessie cioBa — 8-10 c10B Il CIOBOCOYETAHHH
Ha3BaHue cTaThy Ha aHTJIMHCKOM SI3bIKE
Caezienust 00 aBTOpax Ha aHTIIHICKOM B (hopmare:
o Nwms, O., ®aMuius KaXxI0ro aBTopa (Ha aHTIIMHCKOM sI3bIKe), Hanpumep, Ivan 1. Ivanov
e nentudurarop aBropa ORCID
e [lepeueHr ydpeXAeHHH BCeX aBTOPOB Ha aHTJIMICKOM s3bIKe, Hampumep, Volga State
University of Water Transport, Nizhny Novgorod, Russia.
9. AmnHoTanms (Abstract) Ha aHTJIHHCKOM SI3BIKE.
10. Kirouebie cioBa (Keywords) Ha aHTTHHACKOM SI3BIKE.
11. Texcr craTbu (JOTKEH OBITH CTPYKTYPHPOBaH; peKoMeHayeTcs cTpykTypa IMRaD
(https://ru.wikipedia.org/wiki/IMRAD), nanpumep:
o BpencHue
e MeToasl
e PesynpTarhl
e ObcyxneHue
¢ 3aKyIt0YeHue
e  bnaromapHocTu
12. Criucok nureparypbl
13. References (uTepaTypa Ha aHITTHICKOM SI3bIKE)

bl

e BN
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14. Uudopmanus o6 aBTOpax Ha PYCCKOM M aHIVIMIICKOM S3bIKax:
® 1M, OTYECTBO, (haMUIus;
® JI0JDKHOCTB, 3BaHHE, yUCHas CTEIIeHb, Kadeapa, Mopa3ieleHue;
® [T0JTHOE M COKpAIlleHHOE Ha3BaHHE OpraHMU3alllH, Iie BRIIONHseTCs paboTa, agpec;
o ¢-mail

15.  Koopaunats! [utst oO6paTHOM cBsi3u (e-mail, Tenedon)
16. PyOpuka »xypHaia, B KOTOPYIO ITOJAETCsI CTaThs ISl PACCMOTPEHUS

1IV. Ogpopmnenue cmpykmypHuix 2/1eMeHmM 08 cmamou

O01ee oopmiIeHNe —peaKiys IPUHUMAET TEeKCThI, COXpaHeHHbIe B popmare .doc, .docx, .rtf.
. Pa3mep mpudrta 12, Times New Roman;
e  UHTepBan MeXIy CTPOKaMU OJMHAPHBIN;
. Ionsa: nesoe - 3 cm, npasoe - 1,5 cM, BepxHee - 2 cM, HIDKHEE - 2 CM;

VIK — yHuBepcalbHas JeCATHYHAS KIacCH(DUKAIMA, HCIOIB3YEeTCsS ISl CUCTEMATH3al[Md Hay4YHBIX CTaTeH.
Omnpezernsiercst o kiaccupukaropy (MoxHO HalTH B MHTepHere). Eciu cTaThs BKIIOUaeT HECKOIBKO oOiacTei
3HaHUH, TO U1 OOBEOWHEHHS HECKOJBKHX KOJOB HCIIONB3YIOTCS 3HAKH MpenuHaHus (+ (IUIroc) - 3HaK
MPUCOETUHEHHMS, / (KOCast yepTa) - 3HAK paclpOCTPaHEHHUs, : (IBOSTOYHE) — 3HAK ITPOCTOrO OTHOIIEHHUS, :: (IBOMHOE
JIBOETOYHE) -3HAK 3aKPEIUICHHS [10CIIe0BATEILHOCTH, || (KBagpaTHBIE CKOOKH) — 3HAK IPYIIIUPOBAHYS).

DOI: 10.37890/jwt.vi — 310 npeduKc )KypHaa.

Ha3Banue cTaThH - JODKHO KpaTKo (He Ooniee 10 cI0B) M TOUYHO OTpaXkaTh COJEPIKAHHUE CTATHH (HE HOILYCKAIOTCS
Ha3BaHUs, UMeroIue 000poThl Takue kak «K Bompocy...», «HekoTopbie acleKThl. ..» 1 aHAJIOTHYHBIE).
OdopmirsieTcs TOIyKHPHBIM IPH(TOM, GOpMATHPYETCs O LEHTPY. 3arIaBHBIMU OyKBaMy 0(GOPMIIATE HEe Hajo!

AHHOTAIUS — 3TO KPATKOE TOYHOE M3IIOKEHUE COIEPIKAHUS JOKYMEHTa, BKIIOUYAIOIIEe OCHOBHbBIE CBECHHS U
BBIBOJIBI pa0OTHI. AHHOTAIIUS Ta€T BO3MOKHOCTh YCTAHOBUTH OCHOBHOE COJIEpKaHHEe TOKYMEHTA, HCIIOIb3yEeTCs B
HHOOPMAIMOHHBIX (aBTOMaTH3UPOBAHHBIX) CHCTEMAX JUS TOMCKA TOKYMEHTOB. AHHOTAITHS BBITOJIHSET (QYHKIUIO
MHCTPYMEHTA, TI03BOJISIFOILETO YMTATENIO IOHATh, CIIELYET JIh OOPAIIATHCS K [OJIHOMY TEKCTY CTaThH. AHHOTALHS
JIOJDKHA OBITH HHOPMATHBHOM (HE cofiepkaliieil 00IIX CII0B), COJCPKATENBHOM (0TpaXaTh OCHOBHOE
COJIepyKaHNe CTAThH U PE3yIIbTaThl HCCIEN0BAHMS ), CTPYKTYPUPOBaHHOMW. CTPYKTYpa aHHOTAIINH JIOJDKHA
HOJIHOCTBIO MOBTOPSATH CTPYKTYPY CTaThil. B TeKCTe aHHOTAIMH ClielyeT IPUMEHATh 3HAYMMbIE CIIOBA U3 TEKCTA
CTaThu.

KitioueBble cJI0Ba - TOIDKHBI XapaKTePH30BaTh IPEAMETHYIO 00J1acTh HccneaoBanus. Bo Bcex
Ooubmmorpaduyecknx 6a3ax JaHHBIX OCYLIECTBIIIETCS IIONCK CTAaTeH 110 KIIIOUEBBIM CIIOBaM. (He Ooiee 3-X clIoB
BHYTpH KIIF04eBOiT (pa3br). ClioBa H/HITH CIIOBOCOYETAHHS OTACIISIOTCS 3aIBITOM.

AHTJIOSI3BIYHBIE TIEPEBObI (Ha3BaHUE CTATHH, CBEIEHU 00 aBTOpax, aHHOTAIuMs (Abstract), KItOUeBbIE CIIOBA
(Keywords), mutepatypa (References)— q0IKHBI ObITh Ka4€CTBEHHBIMH.

TeKCT CTATBH - TOJDKEH OBITH CTPYKTYpPHPOBaH, Ha3BaHHE YacTeil HEOOXOAMMO BBIIEIATh COOTBETCTBYIOIIMMHU
II0/13aTr0JIOBKAMH, KOTOPBIE 0(OPMILTIOTCS OTY>KHPHBIM IIPU(GTOM B (OPMATUPYIOTCS IO LEHTpY. Pa3menst
Beenenue (ITocranoBka 3a1aun) u 3akimouenne (BeiBojbl) SBIsAIOTCS 00s3aTenbHBIMU. [IpHBETCTBYETCS
ucnonb3oBanue ctpyktypsl IMRaD (https:/ru.wikipedia.org/wiki/IMRAD):

1. Bgedenue (aKTyanbHOCTB) - ONHCAHHE HPOOIEMBI, 0030p JUTEpaTyphl, CBSI3aHHOH C WCCIELOBAaHUEM,
(dopMynupoBaHHe IeIM ¥ 3ajad HCCIEAOBAaHMS, OOO3HAUCHHME HEPELICHHBIX MHpobieM, 00OCHOBaHHE
TEOPETHYECKOH ¥ IPAKTHIECKOH 3HAUMMOCTH.

2. MemoOuvl -oTICaHNe METOMIOB, YCIOBUH M CXEM 3KCIIEPHMEHTOB, IIPHOOPOB, MATEPHAIOB H 000PYIOBAHHS.
YKa3bIBACTCS TTOCIEAOBATEIBHOCTD BBIIOTHEHUS UCCIICIOBAHUS M OOOCHOBBIBACTCSI BEIOODP HCIIOIB3YEMBIX
MeTO/IoB  (HAaONIOJEHHE, OIpOC, TECTHPOBAHHME, OKCIICPHMEHT, Ja0OpAaTOPHBI  ONBIT, AHAIN3,
MOJICTUPOBAHHE U T. J1.).

3. Pesynbmamul - TIPEIOCTABICHHE SKCICPUMEHTAIBHBIX HIIH TEOPETUYECKHUX MAHHBIX, IIOTYy4YCHHBIX B XOJE
HCCIIeIOBaHUH (MOTYT OBITh IPEICTABICHBI B BUJIE Ta0INL, rpaduKoB, AMarpamMM, ypaBHeHu, Gpororpaduii,
PHCYHKOB). DTO OCHOBHOM pa3ziel, ek KOTOPOro — I0Ka3aTh pabouyro TUIoTe3y (TUIIOTE3bl).

4. 06¢cysncoeHue - UHTEPIPETALHS MOTYyYSHHBIX PE3yJbTaTOB, MPEAINOIOKEHHUS, COMOCTABICHHE, CPABHEHUE
MOJIyYEHHBIX PE3YJIbTATOB C Pe3yIbTaTaMHU APYTUX aBTOPOB H T.1.

5.3axmouenue - CTPyKTYpHUPOBAHHBIC BEIBOJBI, COOTBETCTBYIOIIME ITOCTAHOBKE 3a/a4d HCCJIEIOBAHUS BO
BBCIICHUHM, JCNAIOTCS OOOOIIEHNS MW DPEKOMEHIAINM, BHITEKAIONIME W3 PabOTHI, MOJYEPKHBACTCS HX
[PAaKTHYECKasi 3HAYMMOCTb, a TAKXKE ONpPECISIIOTCS OCHOBHBIC HANpPaBICHUS IS JalbHEHIIEro
HCCIIEIOBaHUS B 3TOH oONacTH. B 3aKiIIOYMTENBHYIO 4YacTh CTAaTBU JKEJATENbHO BKIIOYHTH IOIBITKH
IIPOTHO3a Pa3BUTHS PACCMOTPEHHBIX BOIIPOCOB.
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6. bracodaprocmu - MOXHO YIOMSIHYTH JIFOJIel, TIOMOTAaBIIMX aBTOPaM IOJrOTOBUTH HACTOSIIYIO CTaThIo,
OpraHu3alvy, oKasaBlIie (UHAHCOBYIO MOIIEPXKKY (Harnpumep, Homep rpaHra PO®U). Xopomnum TOHOM
CYUTAETCS BBIPAKEHUE OJIarolapHOCTH AaHOHUMHBIM PELICH3CHTaM.

Tabauubl - T0JDKHBI OBITH OATOTOBIICHBI CTaHIapTHBIME cpeactBamu MS Office. Haanuce Tabnuna
1 popmarupyercs 1o npaBomy Kparo (pasmep mpudra 11, Hadepranue - Kypcus). HasBanue TaGIuiibI
(opmaTtupyercst o HeHTpy noaykupHbIM mpudTom. Ha Bce Tabmmis! (Tadi. 1) H0KHBI OBITh CCHIIKH B TEKCTE

PHCYHKH - PUCYHKH [IOIyCKAIOTCS KaK B PaCTPOBOM, TaK M B BEKTOPHOM (hopmare. MUHUMAIbHOE pa3pelieHue -
300 dpi. Kaxnoe rpaduueckoe n300paskeHUe JOIKHO MPEACTABISITE COOOW eMMHBIN, LeNbHbIH 00beKT. [Toamuck k
PHCYHKaM TPHUBOAUTCS HA PYCCKOM U aHTJIMIICKOM si3bikax. [1lupiHa MOAMICH IPUMEPHO COOTBETCTBYET LIMPUHE
pucyHka. TekcTOBbIe MOAMMUCH IOJI PUCYHKOM HE JIOJDKHBI OBITh 4YacTbi0 PHCYHKAa. PUCYHKHM (Iuarpammel,
rpaMKn) JOJDKHBI JIOMYCKATh BO3MOXKHOCTh PENAKTUPOBAHHMS M W3MEHEHUS WX pa3MepoB. I10 BO3MOKHOCTH
HCIIOJNIB3yiTe Ul TpadUuecKoro Mmarepuajia MHHUMalbHO TpeOyemoe paspeiienune. Ha Bce pucyHku (puc.l)
JIOJDKHBI OBITh CCBUIKHU B TeKCTe. PUCYHKH M HILTIOCTPAIMK BCTaBISIOTCS B TEKCT, a HE B TaGauIibI!

®opmy.Jabl -Bce HopMyIibl HabupatoTcs B peaakTopax Microsoft Equation 3.0, MathType 6 wiu Koncrpykrope
dhopmya Microsoft Word. IIpudTt cumBoIIoB, BXOASIIKX B hopMy.ibl - KoMOuHaius Symbol u Times New Roman.
HyMepyroTest TOJIBKO Te HOPMYJIBI, Ha KOTOPBIE €CTh CCBUIKA B TEKCTE cTaThi. Ecii (hopMyiia HOSIBISETCS B TEKCTE
KaKk OTHeNbHAs CTPOKA, OHA AODKHA OBITh IEHTPHPOBAaHA M, HPH HEOOXOAMMOCTH, IOMEYEHa CKBO3HOM
HyMmepauueil apabckumu pdpamu B Kpyribix ckoOkax. Ecinu dopmyna mosBisieTcss BHyTpH TeKcTa, oOpaiaiire
BHHMaHHE Ha Pa3Mephl UCTIONB3YEMBIX HIPUPTOB, YTOOBI OHU OBLIH «COCTHIKOBAHBI» C PasMepaMH TEKCTa PaboTHL.
He coxpansiite ¢opMyiibl B BUIe PUCYHKA H HE BCTABILIATE MX B TAOIHIIbI!

CHucok JTHTEPaTYpBhI — SABILIETCS 00s3aTENILHBIM dJIEMEHTOM cTaThi. CChUIKa Ha ITyOIHKAIUIO B HAYYHOH CTaThe
SIBIISICTCS OTHUM U3 ITIaBHBIX II0Ka3aTeneil kauecTBa IyOJIMKalUH, a CTaThsl C IPECTaBUTENIBHBIM CIIICKOM
JINTEpaTyphbl JEMOHCTPUPYET MPOGhECCUOHATIBHBIN KPYro30p M Ka4eCTBEHHbIH YPOBEHb HCCIICIOBAHHIA €€ aBTOPOB.
IpaBritbHOE ONVICaHUE HCIIOIb3yeMbIX HCTOUHUKOB B CITHCKAX JINTEPATYPHI SBISIETCS 3aJI0TOM TOT0, 4TO
LOUTHpYeMast ITyOnKanus OyneT yuaTeHa IIpH OLCHKEe HayJHOH NesSTebHOCTH ee aBTopa. [0 muTHpoBaHuio
XypHaa OIPEEIACTCS €ro HayuHbIil yPOBEHb, aBTOPUTETHOCTD, 3D (eKTHBHOCTb ACATEIBHOCTH €€ PEAKOIIICTUH.
Kasxaplit HayqHBIH (aKT JODKEH COIPOBOXKIATHCS OTACNIBHON CCHUIKON Ha HcTouHUK. [Ipu dopMupoBaHmy crimcka
JITEPATyPHl HEOOXOIMMO NPUIACPIKUBATECS CIIEMYIONIHX IIPABILIL:

o odopmisiercs B coorBerctBuu ¢ [OCT P 7.0.100-2018.

® JCTOYHHKH B CIIMCKE JUTEPATYPbl HYMEPYIOTCS M PAaclIONaraloTcs B IOPSIKE X YHOMHHAHHUS B TEKCTE.

® CCBHUIKH Ha BCE HCTOYHHKH JIUTEPATyPhl B TEKCTE CTATHU 00SI3aTENIBHEL,

e He meHee 10 cChIIOK;

® IIPUBETCTBYIOTCS CCHUIKH Ha aHIJIOSN3bIYHBIC HCTOYHUKH;

® Ha CBOU CTaThu (CaMOLUTHPOBaHKe) He 6onee 20-25% 0T 00IIero YKcIa CChUIOK

® CCHUIKM Ha CTAaThbU NEPHOAMYECKHX H3IaHHH (3a MOcIemHHe 5 JeT), OImyOIMKOBaHHBIE B PELEH3UPYEMBIX
Hay4HBIX JKypHanax, uaaekcupyemsix B PUHII, Scopus, WoS, 10/mKHBI cOCTaBIATh He MeHee 25%;
eciH muTHpyeMas cTaThbs mMeeT DOI, HeoOX0auMO yKa3bIBaTh €ro IOCIIe ONMMCAHUS MUTHPYEMOW CTaThH.
Jns mpoBepku Hanumuust y cratbu DOI MoxHO, Hampumep, BOCIOJb30BaThesi cepBucoM Crossref mo
ceepuike https:/search.crossref.org/references
HEXeJIaTeNbHO BKIIOYATh B CIHCKH JIUTEPATyphl aHOHHMHbBIC HCTOYHHKH M HOPMATHBHBIC JOKYMCHTBI
(IIOCTaHOBIIEHHSI, 3aKOHBI, HHCTPYKIIMH H T.X.), KOTOpPbIe HUKOrJIa He OyayT IIPOMHIEKCHPOBAHEI B 06a3ax
JIAHHBIX [MTUPOBAHMUs, MPEANOYTHTENBHO WX IMTUPOBATh HEMOCPEACTBEHHO B TEKCTE WIH BO
BHYTPHTEKCTOBBIX CHOCKAX;
HeXeJIaTeNIbHO HCII0JIb30BaTh B CIICKaX JINTEPaTyphl aBTopedepaTs! IUCCepTalii U TUccepTalyi, yaeOHbe
ocoOust M yHeOHNKH;
AQHOHHMMHbBIE HHTEPHET-HCTOYHHKH HEOOXOAMMO YyKas3blBaTh B ITOCTPAHMYHBIX CHOCKaX, a He B CIIHCKax
JIATEPATYPBHL.

References - criicok IuTepaTyphl Ha aHTTTHHCKOM SI3bIKE.

JInist pycCKOSI3BbIYHBIX cTaTel HeoOXoauMo ykaseiBath: OVIO aBTOpOB Ha JaTHHHMIIE (TpaHCIHMTEpAlWs); Ha3BaHUE
CTaThU (TpaHCIHTEpaLys); IepeBo]] Ha3BaHMs CTAaThbH Ha aHIVIMHACKUHA s3BIK; Ha3BaHHE JKypHaja Ha aHTJIHICKOM
sI3bIKE (TpaHCIAMTEpaLusi, eCld HeT WH(OpManuu 00 HCIOJIb30BAHUM JKYPHAJIOM aHIJIOS3BIYHOTO HAa3BaHUS);
BEIXOJJHBIC JaHHBIE ¢ 0003HAYECHHEM Ha aHIJIMICKOM sI3bIKe (TOZ, TOM, HOMEP CTPaHHIBI «OT-0»); YKa3aHHe Ha
SI3BIK CTaThH, €CIIM OHA IpeACTaBlieHa Ha pycckoM si3bike (In Russ.); DOI crateu (mpu Hammuwmn) win URL npu
orcyrctBur DOI, eciu ecTh 1OCTYN K CTaThe.

B 31OV pasnene JOMKHBI MCIONB30BATHCS TOJIBKO AHTIMICKHE CHMBOJIBI, HAJMYME KUPHUIUTMYECKHX 3HAKOB HE
nomyckaercst. IIpu ccbUIKe Ha CaifThl, COAepIKallye B HA3BaHUH PYCCKHE CHMBOJIBL, TIPUIETCS] BOCIIONIB30BAThCS TaK
Ha3bIBaeMbIM punicode-koHBepTOpoM (HampuMmep, https://hb.by/punycode-converter.aspx). C momMoniso mogo0HbIX
OHJIAHH-CEPBHCOB WMs caiiTa TpeoOpasyercss B CIHEUMAIBHBIA KO/, KOTOPBIA M YyKa3blBAC€TCS BMECTO
pycckosizpidHOrO HasBaHus. K mpumepy, ccwbuika — «http://Bdh-pexka-mope.pd» mpeoOpasyercss B http:/xn-----
7kcgqcbassog3b.xn--plai/.
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Jns  mepeBoja pycckoro TeKCTa Ha JIATHHMIYY Mcnonb3ytorcs npasuia British Standart Institution.
TpaHcauTepauyss NPOU3BOAMUTCA C  IOMOLIbIO  aBTOMaTH4eckoro TpaHciuteparopa (Popmar  BSI),
Hampumep, http:/transliteration.pro/bsi. (He IeIaTh TPaHCIUTEPAIHIO BPYUIHYIO).
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